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MICRODISPLAY FOR PORTABLE COMMUNICATION SYSTEM 

RELATED APPLICATIONS 

This is a continuation-in-part of U.S. Serial No. 
08/942,272 filed on September 30, 1997 of Jacobsen, et al . 
which is a continuation-in-part application of U.S. Serial 
5 No. 08/884,485 filed on June 27, 1997 of Jacobsen, et al . 
which is a continuation-in-part application of U.S. Serial 
No. 08/855,909 filed May 14, 1997, which is a continuation- 
in-part application of U.S. Serial No . 08/853 , 630 filed on 
May 9, 1997 of Jacobsen, et . al . which is a cont inuat ion- 

10 in-part application of U.S. Serial No. 08/838,420 filed on 
April 7, 1997 of Jacobsen, et . al . which is a 
continuation-in-part application of U.S. Serial No. 
08/810,646 filed on March 3, 1997, which is a Cont inuation- 
in-Part application of U.S. Serial No. 08/766,607 filed on 

15 December 13, 1996 which is a continuation-in-part 

application of U.S. Serial No. 08/741,671 filed on October 
31, 1996, the entire contents of the above applications 
being incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

20 Flat-panel displays are being developed which utilize 

liquid crystals or electroluminescent materials to produce 
high quality images. These displays are expected to 
supplant cathode ray tube (CRT) technology and provide a 
more highly defined television picture or computer monitor 

25 image. The most promising route to large scale high 
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quality liquid crystal displays (LCDs), for example, is the 
active-matrix approach in which thin-film transistors 
(TFTs) are co-located with LCD pixels. The primary 
advantage of the active matrix approach using TFTs is the 
elimination of cross- talk between pixels, and the excellent 
grey scale that can be attained with TFT-compatible LCDs. 

Flat panel displays employing LCDs generally include 
five different layers: a white light source, a first 
polarizing filter that is mounted on one side of a circuit 
panel on which the TFTs are arrayed to form pixels, a 
filter plate containing at least three primary colors 
arranged into iixelr:. and finally a second polarizing 
filter, A vol':n>,- between the circuit panel and the filter 
plate is fill^;.: with a liquid crystal material. This 
15 material will .*llow transmission of light in the material 
when an electric field is applied across the material 
between the circuit panel and a ground affixed to the 
filter plate. Thus, when a particular pixel of the display 
is turned on by the TFTs, the liquid crystal material 

2 0 rotates polarized light being transmitted through the 

material so that the light will pass through the second 
polarizing filter. 

The primary approach to TFT formation over the large 
areas required for flat panel displays has involved the use 
25 of amorphous silicon, which has previously been developed 
for large-area photovoltaic devices. Although the TFT 
approach has proven to be feasible, the use of amorphous 
silicon compromises certain aspects of the panel 
performance. For example, amorphous silicon TFTs lack the 

3 0 frequency response needed for high performance displays due 

to the low electron mobility inherent in amorphous 
material. Thus the use of amorphous silicon limits display 
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speed, and is also unsuitable for the fast logic needed to 
drive the display. 

As the display resolution increases, the required 
clock rate to drive the pixels also increases. In 
addition, the advent of colored displays places additional 
Gpeed requirements on the display panel. To produce a 
sequential color display, the display panel is triple 
scanned, once for each primary color. For example, to 
produce color frames at 20 Hz, the active matrix must be 
driven at a frequency of GO Hz, In order to reduce flicker 
it is desirable to drive the active matrix at 180 Hz to 
produce a 60 Hz color image. At over 60 Hz, visible 
flicker is reduced. 

Owing to the limitations of amorphous silicon, other 
alternative materials include polycrystalline silicon, or 
laser recrystallized silicon. These materials are limited 
as they use silicon that is already on glass, which 
generally restricts further circuit processing to low 
temperatures . 

Integrated circuits for displays, such as, the above 
referred color sequential display, are becoming more and 
more complex. For example, the color sequential display is 
designed for displaying High Definition Television (HDTV) 
formats requiring a 1280-by-1024 pixel array with a pixel 
pitch, or the distance between lines connecting adjacent 
columns or rows of pixel electrodes, being in the range of 
15-55 microns, and fabricated on a single five-inch wafer. 

SUT^MARY OF THF INVENTION 

In accordance with the invention, the cost and 
complexity of high resolution displays is significantly 
reduced by fabricating multiple integrated displays of 
reduced size on a single wafer and then dicing the wafer to 
produce a plurality of display devices. 
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The displays are then assembled with appropriate 
magnifying optics to form a portable display system of low 
cost and reduced size. Included in the optics is a 
magnification system which compensates for the small image 
5 size by magnifying and projecting the image at an 
appropriate distance for viewing. 

In preferred embodiments, the microdisplay , because of 
its small size and weight, can be used as a hand-held 
communication system such as a pager, a wireless mobile 
10 telephone, or alternatively, as a head-mounted display, 
video camcorder, digital camera or a card reader display 
system. The display can provide a visual display suitable 
for data, graphics or video and accommodate standard 
television or high definition television signals. The 
15 system can optionally include circuitry for cellular 

reception and transmission of facsimile communications, can 
be voice activated, can include a mouse operated function, 
provide Internet access, and can have a keyboard or touch 
pad for numeric or alphabetic entry. The system can have, 

2 0 such as in a card reader display system, a housing with a 

port or aperture to receive a card, and a card reader for 
reading information from the card and displaying the 
information on the micro-display. 

The telephone or hand-held unit can be equipped with a 
25 camera or solid state imaging sensor so that images can be 
generated and transmitted to a remote location and/or 
viewed on the display. Also the telephone user can call to 
access a particular computer at a remote location, present 
the computer screen on the microdisplay, access specific 

3 0 files in the computer memory and download data from the 

file into a memory within the telephone or a modular memory 
and display unit connected to the telephone. The telephone 
can be connected to a local computer or display and the 
data from the file can be loaded into the local memory.. 
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The video camcorder or digital camera has a 
microdisplay for a viewfinder. Either an image as seen 
through the lens or as previously recorded can be seen 
through the viewfinder, depending on what is selected. 
5 In a preferred embodiment of the invention, a light 

emitting diode (LED) device is used to illuminate the 
display. For transmission displays the LED device operates 
as a backlight and can include a diffuser. An LED device 
can also be used as a light source for a reflective display 
10 in another preferred embodiment of the invention. The 
displays are preferably liquid crystal displays using a 
twisted nematic liquid crystal material. Consequently, 
controlling the time domain is not necessary to obtain grey 
scale . 

15 For the purposes of this application, a microdisplay 

is defined as a display having at least 75,000 pixel 
electrodes and an active area of less than 160 mm", where 
the active area of the display is the area of the active 
matrix circuit that generates an image, including all of 

20 the pixel electrodes but not including the driver 

electronics and the border area for bonding and sealing of 
the liquid crystal display. For example, the array can be 
at least 320 x 240, 640 x 480 or higher. A preferred 
embodiment of the microdisplay has an active area of lOOmm*" 

25 or less, and is preferably in the range between 5mm^ and 

80mm". The pixel pitch for these displays is in the range 
of 5 - 30 microns and preferably in the range between 5 and 
18 microns. By utilizing pixel pitches of less than 18 
microns smaller high resolution displays are now possible. 

30 For an embodiment utilizing a high definition format such 
as 1280 X 1024, and utilizing a pixel pitch of 12 microns 
or less, the active area of the display is less than 
2 0 0mm" . 



SUBSTITUTE SHEET (RULE 26) 

BNSDOCID: <WO 9819435A2_I_> 



wo 98/19435 



PCT/US97/20171 



-6- 

For displays of this size and resolution to be read by 
a user at distances of less than 10 inches (25.4 cm) there 
are specific lighting and magnification requirements. For 
a 0.25 inch (6.35 mm) diagonal display, for example, the 
5 LED device preferably includes a plurality of LEDS coupled 
to a diffuser. The lens used to magnify the display image 
has a field of view in the range of 10 - 60 degrees, and 
preferably at least about 16 degrees - 22 degrees, an ERD 
in the range of about 25 mm - 100 mm and an object distance 

10 of between about 1.5 and 5 feet (152.4 cm). A color field 
sequentially operated LED backlight system can use a 
plurality of LEDS with a two or four sided reflector 
assembly to concentrate the light through the liquid 
crystal display. A preferred embodiment can use at least 

15 two LEDs, or as many as six or more of each color, to 

provide the desired brightness level. Alternatively the 
LEDs can be arranged ai'ound the periphery of a transmissive 
display and directed down into a conical reflector that., 
directs the backlighting through the display in 

20 concentrated form. 

The backlight, the display and the viewing lens can be 
aligned along a single axis within a small housing volume 
that is less than 20cm^, and preferably less than 12cm\ 
The system weighs less than 10 grams, preferably in the 

2 5 range between 5 and 8 grams. The system can be 

incorporated into battery operated personal communication 
devices without substantial alteration of their form factor 
and weight requirements. 

While a transmissive microdisplay with a backlight is 

30 preferred, a reflective microdisplay can also be used. The 
light from the light source is directed onto the same side 
of the display that is viewed by the user. An optical 
system directs the reflected image from the pixel 
electrodes onto a line of sight of the user. Reflective 
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displays can be used in connection with the portable 
communications and display systems described herein. 

The display can be operated using a color sequential 
system as described in U.S. Patent Application Serial No. 
5 08/216,817, "Color Sequential Display Panels" filed on 

March 23, 1994, which issued as U.S. Patent No. 5,642,129, 
and of U.S. Patent No. 5,673,059, the entire contents of 
these patents being incorporated herein by reference. 
These patents disclose an active matrix display in which 

10 the control electronics is integrated with the active 

matrix circuitry using single crystal silicon technology. 
The control electronics provides compressed video 
information to produce a color image for data, a still 
image or a video image such as a television image on the 

15 display. The use of LEDs to provide color sequential 

operation has a number of advantages. The system provides 
a lightweight, low-power light source that generates red, 
green and blue color components in sequence. The same 
control circuit operates the light source and the display 

2 0 to pulse the appropriate color elements for each 
corresponding display image. 

The light source can also be pulsed for monochrome 
display applications. The same circuit can be used for 
both color sequential and monochrome systems . For 

25 monochrome operation the light source need only be flashed 
momentarily to provide the desired brightness level. By 
flashing the lamp briefly while a given frame is written on 
the display, the display power consumption can be 
substantially reduced, the voltage holding requirements of 

30 the display are reduced, and heat loading is reduced. The 
vertical synchronization signal can be used to trigger the 
light source pulse which need only extend for less than a 
third of the time needed to write a particular frame onto 
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the display. Two flashes in a frame can also be used to 
reduce flicker. 

The microdisplays described herein can be used in head 
mounted displays, cameras, card readers and portable 
5 communications systems, including color sequential systems 
as described in greater detail in U.S. Application Serial 
No. 08/410,124 filed on March 23, 1995, the entire contents 
of which is incorporated herein by reference. Further 
details regarding the drive electronics suitable for a 

10 microdisplay can be found in U.S. Serial No. 08/106,416 

filed on August 13, 1993, the entire contents of which is 
incorporated herein by reference. A preferred embodiment 
, of the display control circuit utilizes an "under scanning" 
feature in which selected pixels are rapidly turned, on and 

15 off to enhance edge definition and emulate a higher 

resolution display. The display control circuit can also 
utilize a panning capability so that a small portion of a 
displayed image can be selected, by mouse operation for 
example, and presented using the entire microdisplay image 

20 area thereby allowing the user to perceive smaller 

displayed features. This can also be used to view selected 
portions of a high resolution image, such as a portion of a 
640 X 480 image on a 320 x 240 microdisplay. 

As is readily apparent from the various embodiments 

25 described, one of the benefits of the microdisplay is the 
portability of the device using the microdisplay. An 
inherent concern with portability is providing enough power 
to operate the device for extended periods . One of the 
features of a preferred embodiment is the alternating of 

30 the voltage on the counterelectrode , therein allowing the 

microdisplay to operate at a lower voltage and therefore at 
a reduced power level. Another feature of a preferred 
embodiment is stopping the clock to the display when the 
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display is not being written to, therein reducing power 
consumption . 

When the display is used to^ display text, wherein the 
image display is not constantly changing, a feature of the 
5 preferred embodiment is to reduce the frame rate, or 

refresh rate. The reduction in frame rate results in a 
decrease in power consumption. 

An additional problem with portability is the 
increased likelihood that the device will be used in non- 
10 ideal conditions. One such variable is the temperature in 
which the device will operate as temperature affects the 
performance of liquid - crystal material. One of the 
features of a preferred embodiment is the monitoring of the 
temperature of the liquid crystal and the integral heating 
15 of the device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects and features of the 

invention will be better understood and appreciated by 

those skilled in the art in view of the description of the 
2 0 preferred embodiments given below in conjunction with the 

accompanying drawings, in which: 

Figure 1 is a perspective view of a single wafer 

having a plurality of display devices formed thereon in 

accordance with the invention. 
25 Figure 2A is a schematic illustration of a die for an 

integrated active matrix panel display which includes 

optional control signal circuitry therein. 

Figure 2B and 2C illustrate preferred embodiments of 

display control circuits in accordance with the invention. 
30 Figure 2D illustrates a method for selectively 

displaying an image on a display in accordance with the 

invention . 
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Figure 2E illustrates a timing diagram for the display 
control circuit illustrated in Figure 2D. 

Figure 2F illustrates an alternative preferred 
embodiment of the display control circuit in accordance 
5 with the invention. 

Figure 2G illustrates a timing diagram for the display 
control circuit illustrated in Figure 2F 

Figure 2H illustrates a portion of the display control 
circuit shown in Figure 2F. 
10 Figure 21 illustrates an alternative timing diagram 

for the display control circuit illustrated in 2F. 

Figure 2 J illustrates an alternative preferred 
embodiment of the display with a heat gate. 

Figure 2K illustrates a portion of the display shown 
15 in Figure 2 J . 

Figure 2L illustrates an alternative embodiment of a 
portion of the display shown in Figure 2 J. 

Figure 2M is an enlarged sectional view of the display 
in its housing. 
2 0 Figures 3 A and 3B are exploded views of a video 

display device and pager in accordance with a preferred 
embodiment of the invention. 

Figures 4A-4K are exterior views of hand-held imaging 
devices in accordance with the invention. 
25 Figure 4Ba is a partial cross section rear view of a 

preferred embodiment of a pager with integrated camera in 
accordance with the invention. 

Figure 4L is a functional block diagram of a preferred 
pager according to the invention. 
^0 Figure 5A is a side view of a lens suitable for 

magnifying a microdisplay in accordance with the invention. 

Figure 5B is a side view of a multi element lens 
providing an increased field of vie.w. 
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Figure 5C is a cross-sectional view of a display 
assembly with a fixed lens. 

Figure 5D is a schematic view of an LED backlighting 
system for a liquid crystal display in accordance with the 
.5 invention. 

Figures 5E - 5P illustrate additional preferred 
embodiments of a backlighting system in accordance with the 
invention . 

Figure 5Q illustrates a single lens positioned 
10 adjacent the kinoform. 

Figure illustrates the first three zones of a 

kinoform . 

Figure t is an optical diagram of a lighting system 
for a reflect iv-.- liqL:id crystal display. 
15 Figure i r; ar. enlarged sectional view of a 

reflective li.:uid cr>'st:al display in its housing. 

Figure iC is an enlarged sectional view of a 
reflective liquid crystal display with an alternative 
backlight . 

20 Figures 7A-7G illustrate preferred LED backlighting 

systems for a transmission type display. 

Figure 6 A is a perspective view of a preferred 
embodiment mobile telephone having a display device in 
accordance with the invention. 
25 Figures 6B-8C illustrate an alternative embodiment of 

a mobile telephone having a display device in accordance 
with the invention. 

Figures 8D-8G illustrate the changing of the 
resolution of the display from high resolutions to low 
30 resolutions. 

Figures 8H-8I illustrate an alternative embodiment of 
a mobile telephone having a display device in accordance 
with the invention. 
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. Figures 9A-9J are illustrations of further preferred 
embodiments of a telephone microdisplay system in 
accordance with the invention. 

Figures lOA and lOB illustrate another preferred 
embodiment of a telephone microdisplay system. 

Figure 11 illustrates another preferred embodiment of 
a telephone microdisplay system in accordance with the 
invention. 

Figures 12A and 12B illustrate rear views of another 
preferred embodiment of a telephone microdisplay. 

Figures 13A-13K illustrate other preferred embodiments 
of the invention including a display docking system for a 
cellular telephone . 

Figures 13L-13N illustrate a folding keyboard with a 
touchpad for uses with phone, display docking system, or 
pager. 

Figures 130-13S illustrate other preferred embodiments 
of the invention including a display docking system for a 
cellular telephone . 

Figure 13T illustrates an alternative embodiment of a 
display control circuit for a telephone or docking station 
capable of receiving an analog phone or a digital phone. 

Figure 13U illustrates another preferred embodiment of 
the docking station shown in Figures 13Q-13S. 

Figures 13V-13W illustrate another preferred 
embodiment of a display docking system. 

Figure 13X is a functional block diagram of a 
preferred docking station with cellular telephone according 
to the invention. 

Figures 14A-14C illustrates the use of a microdisplay 
rear projection system for a telephone video conferencing 
station. 
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Figures 15A-C are side cross-sectional, front, and 
front cross-sectional views of a hand held rear projection 
display system in accordance with the invention. 

Figures 16A-16B illustrate a body worn, hand operated 
5 display system in accordance with the invention. 

Figures 16C-16D illustrate the use of a microdisplay 
as a viewfinder for a camcorder in another preferred 
embodiment of the invention. 

Figures 16E-16F illustrate the use of a microdisplay 
10 as a viewfinder for a digital still camera in another 
preferred embodiment of the invention. 

Figure 16G illustrates a display control circuit for a 
camera . 

Figures 16H and 161 illustrate cameras with moving 
15 mirrors for through the lens viewing. 

Figures 16J and 16K illustrate a camera/imager with a 
microdisplay as a viewfinder. 

Figures 17A-17C illustrate the use of a microdisplay 
in a card reader system in accordance with another 
2 0 preferred embodiment of the invention. 

Figure 18 is a schematic circuit diagram for a 
portable card reader system. 

Figure 19A illustrates another preferred embodiment of 
a card reader system. 
25 Figure 19B shows another preferred embodiment of a 

card reader system. 

Figures 19C-19Cb is a schematic circuit diagram of a 
memory card for a card reader or imager. 

Figures 19D, 19Ea and 19Eb is a schematic circuit 
30 diagram of the controller within the reader or imager 

Figure 19F is a schematic circuit diagram of an 
alternative embodiment of a switcher in the controller. 

Figure 20A is a perspective view of a head-mounted 
display system of the invention. 



SUBSTITUTE SHEET (RULE 26) 



BNSDOCID: <WO 9ai9435A2_l_> 



wo 98/19435 PCT/US97/20171, , 

-14 - 

Figure 20B is a partial schematic perspective view of 
the system of Figure 20A emphasizing additional features of 
the invention. 

Figure 20C is a schematic perspective view of the 
5 system of Figure 20A which emphasizes certain aspects of 
the invention. 

Figure 20D is a schematic perspective view of the 
headband and pads of Figure 20C. 

Figure 20E is a partial schematic side view of the 
10 system of Figure 20A. 

DETAILED DK^r- ^ t^tJCN OF THE INVENTION 

HIGH RESQI.TTTI'^':: A'^^TVr: MATRIX MICRODISPLAY 

A prefoiTr-d embodiment of the invention utilizes a 
process of mailing a plurality of flat panel displays 10 in 

15 which a large r;umber of active matrix arrays 14 are 
fabricated on a single wafer 12 as illustrated in 
connection with Figure 1. The number of displays 
fabricated on a single wafer depends upon the size of the 
wafer and the si:;e of each display. A preferred embodiment 

20 of the invention, for example, uses a high resolution 
display having an imaging area of the display with a 
diagonal of 0.5 inches .(12.7 mm) or less. For a four inch 
wafer, forty separate displays can be fabricated on a 
single four inch wafer. Where each display has a diagonal 

25 of about 0.25 inches (6,35 mm), 80 displays can be 

fabricated on a single wafer, over 120 displays can be 
fabricated on a five inch wafer, over 180 displays on a six 
inch wafer, and 400 displays can be fabricated on an 8 inch 
wafer . 

30 By fabricating a large number of small high resolution 

displays on a single wafer the manufacturing yield can be 
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substantially increased and the cost per display can be 
substantially reduced . 

To obtain monochrome resolutions of at least 75,000 
pixels (e.g. a 320 x 240 array) suitable for displaying an 
5 NTSC television signal on a 0.25 inch diagonal display the 
pixel electrodes are preferably on the order of about 15 
microns in width or less. To obtain a monochrome 
resolution of at least 300,000 pixels (e.g. 640 x 480 
array) on a 0,25 inch diagonal display the pixel electrodes 

10 preferably have a width of about 8-10 microns. 

These small high resolution displays require 
magrii f icat ion such that when held in a user's hand within 
the range of 0.5 inches to 10 inches of the user's eye, a 
clear image is provided. 

15 Referring now to Figure 2A, an integrated circuit 

active matrix display die is shown schematically which has 
been diced from a single wafer along with selected number 
of .replicated circuits. Incorporated into the circuit 100 
are scanner circuits 42a, . 42b,- 42c, 42d, along with pixel 

20 driven circuits 44a, 44b, 44c, 44d, select scanner circuits 
46a, 46b and a display matrix circuit 90. 

Further details regarding the fabrication of each die 
on a wafer can use the methods described in U.S. Patent 
No. 5,256,562, the contents of which incorporated herein 

25 its entirety by reference. Additional details regarding 
the fabrication of the active matrix and use within 
communication systems is described in U.S. Patent 

Application Serial No. , filed October 31, 1997 

of Matthew Zavracky and titled "Color Display with Thin Gap 

30 Liquid Crystal" the contents of which is incorporated 
herein' in its entirety by reference. 

By fabricating a selected number of circuits 100 on a 
single wafer, the circuit yield from a single wafer is 
greatly enhanced at the expense of reduced display area. 
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XOJcquoD e mojij e^^I I^uBts ^(Doid x^^T^ ^ P^^ Z'^Z X^^^^T^ B:iHp 
X^xxd e oq aATSuodsajc p-H sjc^uuhos e:;Hp aqx 

• aoTjpuiJcogjcad aAOJcdujT o:^ pasn aq uho aaouj sA^xdsxp Q£ 
uoxqxuT^ap qBxq 'psads qSxq jcoj -Apx^^xp aqi SAXJcp 
o:^ sjcBAXJcp Moa puH uiunxoo sx^^T^ bsu o-:^ axqnjrxsap sx qx 
08^ ^ 0^9 -^o o^^3 ^ OSe JO suox:jnxos3:c BuxAHq siiox ciHDXxddn 
jio^ -uoxquBAUX aqq JO squauixpoquia pajc-xsjaad ux paAoxduia 

aq UHO saaAxap uuinxoo anoj unq:; ssax -^o ajcoui q^qri qz 
pooqsxapun aq pxnoqs zix * q jax -oq - qqExjr jo qqSxoi-oq-qjax 
uiojEj uaqqxjiM aq osx"e uho ^qep aqq q6noqqx^ 'BuxqxjCM oapxA 
aBpa-oq-JiaquaD pu^ j:aquao-oq-a6pa jcoj paqxns Ax J'exnoxqjcBd 
sx saaAXjcp uuinxoo jo :iuaiiia6uHaj:H paqeaqsnxXT 
'X'euBxs oapxA jcaqqo auo upqq aaoiu jo q^^d aq:} ssoao oq snq oz 
XHu6xs oapxA ou 'UMoqs sv * suuinxpo pajcaquinu-uaAa aq:} aAXJcp 
:i^qq sx^uu^eqo aqq uiojij oapxA aAxaoajc pi^^^'o^^ sJcaAxap uuinxoo 
moqqoq aqq pun suuinxoo x^^T^ pajcaqmnu-ppo aqq aAXJup qnq:! 
sx^uuBqo aqq uioaj oapxA aAxaoajt q^^'H^^ saaAXJcp uuinxoo do:; 

aqi -sx^uueqo jrnoj uiojj oapxA saAxaoajc JcaAXJcp uuinxoo gx 
qoea qHq:j qons saaAX-xp uuinxoo aqq jo auo oq paq^ooxx^ 

sx x^^^'^MO qoHa "06 uoxBaa qxnoaxo xxjuqpui aAxqoH aq:; 
JO uioq:;oq aqq qe p^^^'o^^^ s^aAXJcp uuinxoo OMq pun 06 qxnoxxo 
xxjcqpui aAxqoH aqq jo doq aqq qp q^^^'H^^^ SJcaAXJcp uuinxoo 
OMq 'p^'^^-'e^r^ saaAXJcp uuinxoo anoj ajce aj:aqq 'pa^^naqsnxXT 01 

sv * aouajca ja:a:iux aonpajt o:; paBu-G-xxB bxts sxhuBxs 
oapxA JO sxauuHqo aq:j 'ge snq x^u6xs aqq ux auxx x^^^T^ 
qoea ssojco x^^^TS oapxA Box^ue aqq s^ j:nooo uho ssox x^^ST^ 
pup aouaaajjcaqux x^uBts asnnoas 'p-^^^^ sJtaAXjp uuinxoo o:; 
(UMoqs :}ou) sjcax jxxduip Box^uh oq x^^T^TP u^oaj sx^uBxs oapxA g 
Box^UH saxjcjceo ST-SZ qBnojiqq Z-SZ snq x^uBxs oapxA v 

•uxajcaq 

paqxjtosap aq XIT^ aBeuix AHx<3sxp aqq BuxqoaCoxd pup 
BuxAjxuBpui Aq auiooaaAo ^x afipquPAppsxp paj:p sxqq 'asAaMOH 
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odd shift register array can be used to store data to odd 
column pixels and an even shift register array can be used 
to store data to even column pixels. As illustrated, there 
are left and right odd data scanners 42a, 42b and left and 
5 right even data scanners 42c, 42d, 

The column drivers 44 selected by the data scanner 42 
transmit video data to a selected column of C pixels in the 
active matrix circuit 90. The select scanner 46 controlled 
by a control signal generator determines by control lines 

10 which pixels accept this column data. 

To reduce signal loss across the active matrix region 
90, the select lines are driven from both sides by select 
scanners 46a and b. As viewed 'in Figure 2A, a left select 
scanner 46a and right select scanner 46b. are connected to 

15 the select data line 146 and the select clock line 147. 
A third enabling line 148 can also be used for specific 
applications. The left select scanner 46a provides a 
select line signal at the end of the select line nearest 
the lowest -valued pixel column (Ci) and right select 

20 scanner 46b provides a select line signal at the end of the 
select line nearest the highest -valued , pixel column (Cm). 
Thus, an identical select line signal is supplied at both 
ends of the select line. 

Although static shift registers can be used, the shift 

25 registers of the data scanner 42 and the select scanners 46 
are preferably implemented as dynamic shift registers. The 
dynamic shift registers rely on capacitor storage without 
leakage. However, dynamic shift registers are susceptible 
to leakage, especially when they are exposed to light. 

30 Hence, light shields are needed to protect the scanners 42a 
- 42d,46 from exposure to light. Similarly, light shields 
are also used to protect the transmission gates 44 and 
pixel columns C,-Cn. 
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H qons eoi I^uBts aqxsoduioD Boxpue saAxaosj: 
SOT qxnojiTO xo:3:^uoo A^x^sxp snj, -93 ajcnSxj L{:iXM uoxqoauuoo 
ux psr^HJcasnxXT sx A^x<^sxpoj:oxui x^T^^^^^^s jcoxod p jcoj 
ilxnDj:xD xo^i^uoD Apx^^^TP ^ JO tiusuixpoquia pajcjcsjsad v 

'aX^^"^>^s ^oj 'JcajPM qoux SAxg: p uo s^xnojixo 
psqpjcBatlux qons 0^ qspax ^-^^ sjaqti ^l^qtl qons paqPDXJcqpj 
aq UPD uiaqsAs x^^tiaoo aqtt q:iXM xxji::ihuj aAXziOH At'SOT 
X H083T ^ Ax^ixrsnbssuoo ' aannbs suoaoxui OSZ pup 09 uaa/ACiaq 
ajtp i^uauixpoquia paaaagajcd p ux sapoarjoax^ x^^^T^E sqx 

• s:iuauoduQOo 

a:;aj:osxp 6uxsn sx q.x upl(:i uoxq-eoxaqpg: paqHa6a:iux qSnojuq 
sjiauuHos loaxBS x^^P q^T^ x^^^*^ ^^xdsxp a^^SOT x XI^i^s 
-e I^^nJ:I^suo^ aaxspa sx :jx 'axduipxa Jioj • aoupiujcojjiad 
Ahx^^TP 3spaj:3ux ozx pa2xuix::ido aq uhd Aj::;xnoji:xo aAX-ip 
aq:j ' aj:ouiJtaq:ia:n^ ■ si^uauoduioD aqaaosxp mojcg: paqonjqsuoo 
sA^xdsxp or^ aAxq^Px^-^ A^x^^sxp aqq go paads Euxijejcado 
aqq saspajtoux osx^ uox:;PDx:i:qB j pa:;pa6a^ux aqx ' s:iuauodLuoo 
a:ia:rosxp shoxjcpa aq:^ xoj suxd Buxqoauuoo aq:; Aq pauxHj::isuo3 
ziou sx x^^^<^ AHX<^sxp aq:^ 50 azxs aqii '06 :ixno:rxo xxatieiu 
aAx:;o^ aq:; q^iXM Buox^ x^T-^^^^^ x^^sAjco axBuxs ux sjrauuHos 
aqii SB XI^^ SB c{S^ '^9^ 'p^^-^^^t^ 'PZ17-^ZI^ Aa^Tnoaxo 
aAXJcp uuinxoo pup moj: aq:; 6ux :iPDx:i:qH5 Ae *^:95'9SS'S 
• Oisr :iua^Pd 'S'n pauoxr^uauiajcojp aqit ux * AxsnoxAaad paqx.iosop 
sajcnpaooad jcagsupa^ pup uox:iHDx:iqpj aq:; Buxsn aanqon_Tas 

(lOS) ^o^Pxi^s^T -■^o-uooxxT^ ^ BuxAPq uooxxT^ X^^^^-^^ 
axBuxs ux pa:;poxji:qH5 Axqe^aja^rd sx Ajc:;xno:cxo paipjBaauT 
'06 :;xnD:cxD xxj:^pui aAx:jop aq:; qiiXM Buox^ tixnojcxD 
pa^HJiBaciux up sp pat^poxjcqpg: sx aanBx^ jo Ajct^xnojcxo aAXJtp 
Xaupd aqct 'uoxituaAux aqri go quauixpoquia paajiajajd p uj 

• suoxqpoxxddp pup squa:ipd 
•S*n pa:ixD-aAoqp aq:; appui sx aouaaajaji: 'OOI ^xnoaxo aqq 

o:^ sxeuBxs :;ndux aq:^ Buxpjtpfiajc uox:;piu-:io jux Ji:aq:;jca5 
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CXA1585, which separates the signal 103 into red, green and 
blue components. The three analog color components are 
converted into digital signals by three respective analog 
to -digital (A/D) converters 106. The three color digital 
5 signals are stored in red 107, green 108, and blue 109 
memory circuits. Circuits 107, 108 and 109 can be RAM, 
such as DRAM, frame buffers that are connected to the 
timing circuit 110. " Timing circuit 110 can be connected to 
the converter 105 by an interface bus and receives 

10 horizontal and vertical synchronization signals along lines 
119 from converter 105. Circuit 110 controls the 
sequential flow of each color frame onto the display by 
sending video data from each memory 107,. 108, 109 onto the 
display and coordinating actuation of the backlight 111 

15 along lines 115 for each primary color. Lines 114 provide 
control of hue and contrast of the resulting image. Lines 
116, 117 and 118 are used to control the row and column 
driver circuits within display circuit 112. Lines 116 and 
117 control horizontal shift and vertical shift of the data 

20 as it is read onto the display. 

Lines 116 and 117 can be used to allow the user to 
invert (i.e. reverse left to right or right to left) the 
image on the display. This can be useful for the telephone 
user who may select one hand to hold the telephone during 

25 use and simply press a button on the housing so that the 
image is inverted for presentation to the eye of the user 
when electing to hold the telephone speaker in the other 
hand adjacent to the user's ear. The inverting of the image 
can be accomplished by several different techniques 

3 0 including by software and hardware methods. One such 

method is to use a bi-directional shift register and shift 
the direction of the register to .invert the image. Another 
technique is to change the method by which the data is 
pulled out of memory using the software. 
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aqq or; ssuipj:^ 96hiut jo aaAX^^p xojcquoo o:\ Ajcouisuj oz^ sxhuBxs 
pr^ep pu^ sssjcppp 'sx'^^^^ jcoxoo 'aj^^^^ qnd:jno 'axq^ua bz^tjcia. 
'ciasa-x 'Xpeaa ^oajcxp qzz saxixq * XxBAXioadsaa '811 P^h '^tt 

'9TI '5TT sauxx Buox'b ZTZ A^xdsxp pu^ xil iq5xx^OHq aqi^ OE 
on sx^uBxs xo-x^uoo siixuisupjq pup ^^ex -xosssoojcd 1110:1:5 sx^uBxs 
XOj::iuoo x^^T^TP P^^ >(doxo sqaxsdsj: zzZ qxnDJtxo x^^crtuoo 
Suxuixj, ' tZZ snq x^T-^^s h Buxsn ^zz psjiotjs ^^xsi^ 01 
uoxz^xppH ux sx tipqi; ajtaqM HCtHp soxqdeaB aaor^s or^ pspnxoux 
eq osx^ XTHO g^x ixnojrxo w\ras Ajcouiaui qs^xj qons 
' aXT^^Io^-^ou x^uoxqxppp x^uox:ido uv ' ^ZZ A^ouiaiu o^ p:tHp 
A^x^sxp spuss pu^e XZZ ^"g p:;bp sBhuix x^^T^TP X^T^^s saAxaoaj: 
VZZ -xossaoojcd aqx ■uoxiejado Aex^^^TP X^T^^^^^^^s jcoxoo 
XOJCC^uoo oq pasn sx qzz q-xnoaxo x^^^T^xp e ' quauixpoqiua sj^^ 
tij ' DZ 9:rn5xj q::iXM uox^osuugd ux pa:iHa:isnxXT sx :;xnojcxo 03 
XOJciiuoD A^x^sxp ^ go ^uauixpoquis pajtaajaad j:Bq:;oiiv 

•:ixnoJcxD aq:i 

50 uox:iduinsuoo j:a/Aod aq::| ajcojajiaqq puB aouet^xopdHD x^^-^^^^t^T 
aq:j saonpajc oi axBuxs uo s:;uauodmoo p jo Btixo^x*^ ^qi 
•XOI s^TI qspp H Aq pa^uasaadaj ' (OJ) qxnojcxo paq^jcBaqux gx 
oxqiixxououi ax^^Ts h uo paa^^ox XT^ u^o Aaqi^ 'papoq 
nxnojcxo uouiuioo h uo oil t^xnojcxD x^-xauoo pun jat^jcayvuoo 
'saxaoiuaui ' sjca:;aaAuoo Boxhuh x^^T^TP Buxo^x*^ 
on uox^TPP^ ^1 ' nuauixpoquia oxjxoads aqn jo snuauuajcxnbajc 

X^uoxn^-xado puH A:tnauioa6 aqn tio Buxpuadap Mox^q XT^^^P 01 
jcaq^ajjS XIX paqxjcosap Buxsnoq jcaqno xo 'Buxsnoq quamaxs 
Bux:>(Oop aqn 'Buxsnoq jraBed aqn 'Buxsnoq auoqdax^n eqn 
uxqnx^ snxT^^^T^ paqeaBanux ao spaeoq nxnojcxo a^na-edas o^tio 
nTI<5s aq UHO Aaqn xo ' zzz A^exdsxp qax^ pj:poq nxno:cxo uouiiuoo 
H uo panunoui aq uhd qix ^T^^^T^ xo^^^oo pun goi -xa^JiSAuoo g 
'601 '801 ' LQZ saxjTomaui ' eiT sja^JcaAUOD Box^u^ on x^^T^TQ 
•X^^J^Ts ssxnd BuxAxdxnxi^ui x^^^o^xjcoq aqn pu^ sx^uBxs 
axqnua mojt ppo pu^ uaAa ':^ooxo x^^^o^xjioq pun x^^T^^^^ 
'asxnd x^^^ozxjcoq pup x^^T^-^^^ x^Jinuoo giT sauxq 
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housing or the docking element housing described in greater 
detail below depending on the geometry and operational 
requirements of the specific embodiment. A switch can be 
provided to allow the user to reverse the image on the 
5 display left to . right or right to left. This can be 

useful for the telephone user who may select one hand to 
hold the telephone during use and simply press a button on 
the housing so that the image is inverted for presentation 
to the other eye of the user when electing to hold the 
10 telephone speaker in the other hand adjacent to the user's 
other ear. 

Power management circuit 123 receives control signals 
along line 126 from circuit 122 to lower power consumption 
of the circuit 120. Circuit 123 is used to control power 

15 during display operation, and is connected to flash memory 
circuit 125, the digital to analog converter, the 
buffer/inverter and the display 112 by a line 129. This 
capability arises from the use of a transferred thin film 
active matrix circuit described previously which has an 

20 ability to store charge between vertical synchronization 
pulses. This storage capacity enables lower power 
consumption of the display and backlight at less than 0.2 
Watts. Thus, after a frame of data is written on the 
display, power is lowered until the next frame is written. 

25 This lengthens battery cycle time of portable communication 
devices as described herein. The power can be lowered by 
periodically stopping the clock to the display as described 
below. 

Figure 2D illustrates a method of displaying 
30 information on the display in which large amounts of 

information are contained in each image. For such high 
information images it may be desirable to enlarge a 
selectable portion of that image on- the display. For 
example, the full image 130 has a region 131 in which a 
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6 ST ^^A ' qusuixpoquia psjijtsjsjcd p ui • sBhuit aqq quassjcd 
o:^ paqs^X? sx :;q6xx>{3Hq aq^ ':isxM::i o:; x^^sAjcd pxnbxx 
MOXX^ Apx^P ^ ST S-^^tt^ pup A-ex^sxp aq^ ot^ux pauuHos 

sx suiejcj 3j:xqu3 aqri aa^jv ' (^^A) :^uxs aB^qx^^ Axddns OC 
aqtii puB '^'^^A uaaM:^aq uaAX-xp ajce 'oapxA pac^aaAUx aqi^ aAxaoaa 
qoxqM 'sx^xxd paaaqmnu-uaAa aqi, ' (^^A) aojcnos aSpiixo^ 
Axddns a-q:i pup ' apoji^oaxB^s^unoD axi::^ o:; paxxddp aSp^xo^ 
aqq. ' ('^'^^A) aSp^XO-^ uouiiuoo aq:! uaaM:taq uaAXJcp aj:p 'oapxA 
XPnqop aAxaoaju qoxq/A 'sx^xxd paaaqmnu-ppo aq:i '33 aj:n6xj 53 
50 :;uaiuxpoqiQa aq:i o:^ BuxjcjcagfaH 'V^ aj:n6xj 01 aouajiaja^ 
q:ix/A aAoqp paqxaosap sp aaAXjrp uuinxoD u]o:;:ioq aqr^ luojg 
oapxA aAxaoaa suuinxoo paaaquinu-uaAa aqr^ pup jtaAXjp umnxoo 
doq aqq uiojtj oapxA aAxaoajr suuinxoo x^^T*^ paaaqmnu-ppo aqj, 
•oapxA paqjraAUX pup oapxA x^^^^^^ ^^^q ZW Apxdsxp aqq oq 
quas sx x^^^TS oapxA aqx 'uoxquaAUX aqq qqxM aouppaooop ux 
Apxdsxpojcoxm p Buxqpjcado 50 poqqaiu paajca ja-xd p saqpjtqsnxxT 
qpqq uiPJcSpxp Buxuixq p saqpjiqsnxXT 33 ajcnBx^ 

• papjPMJcog: ajcp ^ei 
uoxBaaqns ux papnxoux aap qpqq suuinxoo aqq Axxio pup ' ZZ\ SI 
qxnojtxo xo-xquoo Buxuuxq aqq Aq ^xx Apxdsxp aqq oq. papjcPMJco j 
qou ajp 3 ex uoxBajtqns aAoqp s/Ao:t aqq jcoj pqpp aqq 'pajcp 
Apxdsxp XI^^J '^'O^':^ uo paApxdsxp aq oq sx ^ei uox6a:rqns aqq 
51 -uoxBajc oxjxoads qpqq J103: Axuo qnq 'uaqqxjiM sx Apxdsxp 

50 qxq AaaAa 'aSpuix a:cxqua aqq sp uoxBajcqns p 50 aBpuix oi 
aqq Apxdsxp oq jiapao uj -uaqqxjCM sx Apxdsxp jo qxq qqjcnog 
AaaAa Axuo -5' a Buxuuposjiapun Aq Apxdsxp aqq oq uaqqx^M 
aq upo aBpuix aqq '3TI Apxdsxp aqq uo paApxdsxp qpqq upqq 
jcaqpajuB sx ^^ei jcossaoojcd aqq Aq papxAOJcd pqpp aqq jx 

'pajcp Apxdsxp g 
Xing: aqq uo Apxdsxp jcoj uoxBaaqns jo aBpuix aqq sqoaxas 
jcasn aqi ' ZZX uoxBajrqns p Ajxquapx pup xei uoxBaj: uxqqxM 
ajraqAvAup quauiax^ xo^quoo uoqqnq jo asnoui p Buxsn josjcno 
aqq uoxqxsod upo aasn aqj, -pauoxqxsod aq upo eei xosano 
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of alternating the video on each column is called column 
inversion and helps prevent a DC voltage from building up 
on the liquid crystal material and additionally prevents 
cross talk. 

5 Another preferred embodiment of a display control 

circuit is illustrated in connection with Figure 2F. In 
this embodiment, a digital circuit 1120 is used to control 
color sequential display operation as described in relation 
to Figure 2C. Additionally, the circuit has the features 

10 of a modulating common voltage and a heater, as described 
below. The processor 1104 receives image data at 1121 and 
sends display data to memory 1124 and flash memory 1125 via 
the timing control circuit 1122 . The image data can be in 
a variety of forms including serial or parallel digital 

15 data, analog RGB data, composite data or s-video. The 
processor 1104 is configured for the type of image data 
received, as is well known in the art. The timing control 
circuit 1122 receives clock and digital control signals 
from the processor 1104 and transmits control signals to 

20 the backlight 1111 along lines 1115. The timing control 
circuit 1122 transmits control signals, such as vertical 
start pulse, vertical clock, horizontal start pulse, and 
horizontal clock, to the display 1112 along lines 1116, 
1117, and 1118. Lines 1128 direct ready, reset, write 

25 enable, output enable, color enable, address and data 

signals to memory to control delivery of image frames to 
the display 1112. 

Still referring to Figure 2F, the image data travels 
from the timing control circuit 1122 to the display 1112 

30 through a digital to analog converter 113 0 and through an 
inverter 1131 on an alternate frame dependent on a switch 
1132 as described below. In addition and in contrast to 
previous embodiments, the common voltage (Vcom) enters the 
display 1112 at alternating values controlled by a switch 
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aai ^oxoD aqu uo ^^uapuadap qs^xj QaT q:i6uBX 
aqq SutAjcpa jo aaq; aq:; BuxqsGX? a^o^sq siuxri Aex^P Aa^A 
sXq'^-^T^^P sq Ahuq -^t q^qzi pazTuSooaJt sx iji * spuooasxxXT^ 

e iinoqe JO poxjad aiiix:^ p jcoj saqs^x? a3q ^qJL • a5pmx OC 
aqi upos/a:iXJCM spuooasxxXT^ S-e sa:>(^^ ' spuoDasxxXT^i 

02- EI AjcaAa saiHn:;onx3 "°^A ' :iuauixpoquia paajrajaad h uj 

■uaajtos qo^a sat^euaa^x^ "°^A ^q^ P^^ auiHJC^ 
H sasxj:duioD 'aaq aoxoo qona Jioj auo 'suhos uaajcDS aajcq:^ 
'uox:ixppH ui * sjcoxoo i^ouxt^sxp ■ aqq saqs^x? Axx^T^^^^^^^s 52 

XIXX i^q6xx>[3^q aST 3qi 'A^xdsxp jcoxoo H sx Apx<^sxp 
aq:; jl * Buxzjpujtaix^ daa>[ oapxA aq:^ puH C'^^A) a6H:;xo^ 
uoiuuioo aqi. -paqs^x^ sx XTXT aqBxx^K^^q a3T uaq:^ pun 

sjcnooo Ahx^P V *:ixnDj:xD xxj::;pui aq:i o^ut pauueos sx x^^^T^ 
oapxA x^T^^^^ 'qSiq "°^A q^TM -pas^jra aq pauuHOS uaaq oz 

-i^srxC snq ^^qr^ , aE-euix aq^ ux s:ix^saji: q6xq "°^a BuxAx^a * q6xq 
saoB "Q^A 'aanBxj aq:i tix e aui^jrg 'aui^jr^ qxau aqct o:; xoTJid 
• aS^uix Mau paqsaji^iajc aqq iuasaj:d paqsHX? sx XXTT 
:jq6xx>{o^q QHT ^q^ 'r^sxMzi oit x^^^Ajcd pxnbxx ^q^ moxih ozx 
Xhx^P ^ Jca^jH 'Ax^^XT^TS ' ixnojcxo xxjiqBui aqt^ o:iux pauuHOS gx 
sx x^^^TS oapxA paTiJcaAux aq:; 'mox "^^A q^TM 'uaas r^ou 
sx aSnuix aq:i 50 ssox sqi 'uo :iq6xx>{^^q ou sx aaaqci aouxs 
'jcaAaMOH 'pauu^os uaaq qsnC spq :;eq:i aB^uix aq:; sas^aa 
/Aox ^"^°^A SuxAxaa • auauixpoqiua paj:j:ag:aj:d h ux s:;xo^ (0) ojcaz 

Ax^^iBUixxoaddp 'mox sao6 '^°^a 'OS aanSxj ux ^ auieag: 'ampjcj oi 
cixau aqi o:; jcoTJid • aBnuix aqq :;uasa:i:d o:; paqs^xj sx XITX 
::iqBxx^o^q aST ^q^ 'uox::ixsod mniJUXxHui oq qsxM:; o:; x^^sAjco 
pxnbxx ^q^ Moxx^ Aex^p h Ji:a:i5v • :ixuoji:xd xxa:;eiu 

aq:i o:iux pauu^os. sx x^^^Ts oapxA x^i^^^^ ^q^ ' quauixpoquia 
pajcjcajajcd b ux s^xoa s - £ Ax31HUixxoj:dd"e 'qBxq("°^A) aBn^x^-^ 5 
uouiuiOD aq^ qtiXM 'J3 pu-e 03 sajcnBxj o:; Buxjcjcajan 
*22IX rixnojcxo x^-^^^o^ Buxiux:} aq^ uioj;? ^exx ^uxx xo:t:;uoo 
auiHag: e Aq paxx^-^^uoo ajCH Anx^sxp aqct 0:1 oapxA aqii pun 
"°^A ^q^ BuxiiHUJca^ix^ -^oj SeiX pun eeil saqoqxMS aqj, • eeiX 
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delay time, response time, before flashing the LED when the 
LED to be flashed has a longer wavelength, such as red, 
which has a wavelength of between 630 and 700 nm. 

With the video amplitude, the difference between V^d 
5 and V^^, on the pixel's TFT reduced, a smaller storage 

capacitor is required. Less time is need to write with a 
smaller storage capacitor and therefore a smaller pixel TFT 
can be used. If the liquid crystal has a fast enough 
response, the storage capacitor can be eliminated and the 

10 capacitance of the liquid crystal becomes the storage 

capacitor. In addition, with no storage capacitor a larger 
aperture is possible . With larger aperture and increased 
aperture ratio, the image will be brighter for the same 
cycling of the backlight or the total power used can be 

15 reduced with the same image brightness. 

Referring to Figure 2H, an enlarged schematic view of 
one pixel, the pixel is charged by the horizontal shift 
register 1136 selecting a column 1138 by turning a 
transmission gate 1140 and the vertical shift register 1142 

20 selecting a row 1144. The video is written to the pixel 

and the liquid crystal begins to twist and become optically 
transmissive . After the entire display has been written 
and there has been a delay before the LED flashes, the Vcom 
1146, i.e., the voltage to the counterelectrode , is 

25 switched from high to low or vice versa by the frame 
control line. At the same time, the video signal is 
switched from actual video to inverted video or vice versa, 
so that the video will be switched for the next frame. 

The liquid crystal can be twisted to become either 

30 optically transmissive or optically opaque. The 

orientation of the polarizers affect whether the liquid 
crystal is driven to white, transmissive, or to dark, 
opaque . 
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•psaxnbaa st Sux^eaq 

UP 'x^^sAjco pxnbTX 3q^ Jo aoueaToedeo aqa 'aaojaaaqi 
• aoup^TOHd-eo scix paq^x^^ st pxnbxx aq^ jo a:i:n:i'eaadiiiaq 
aq:^ qnq^i pazxu5ooajc sx -Aex^^sxp aqq jo ixrdjxo aq:i o:; 

AilxxaxduioD ppn qoxqM Aac^xnojcxo Box^uh x^^^T^TPP^ sajixnbaji: 
X^qsAjco pxnbxx JO ajcn:iH:radmaq aqq jo BuT.insHaui aqj, 

* uox^duinsuoD sz 
JcaMod SuxzTuixuxui pue ssauqqBxjrq pa.xisap buxAaxqoB 
UTa:caq:j 'XXXI :iq6xx^oeq ^q^ Jo qsi?x> aq:; jo 6utuix:i 
puH uoxzj^anp aqa ^as u-eo 3e:xx axnojiTO x^-^^'^'od Euxuix:^ aqt^ 
'X^^sAj:d pxnbxx ^q^ 50 ajcn^Hjraduia^ aq:j Buxxci::-! Ag -uiaHM sx 
X^xjcaq^HUJ x^^^^-^^ PT^^TT uaqM jcaiijcoqs gi :i.-:'7qM 'x'exaaiiHUi oz 

X^zisAxD pxnbxx ox^Biuau-paqsxM:! 50 aiux a zst.'^z *q:j sx axdmexa 
qons auo " x^^sAjto pxnbxx ajcn:iT?:cGda:D:i ---i;-; Aq pacioajja 

ST x^T-^^^^^ x^^sAao pxnbxx aq:i jo sdt ::sr::o-;:. ^Meqo aqj, 

* aouajcajajc Aq uxaaaq pour : i.iooux sx pue 
^^66I Jcaquiaoaa P^IT? 0^0'^9£/80 ' -^M T^^^ *' 'lox^BDTxddv SX 

riua:iHd *S*n paqjaosap st jcosuoi; .ina»*-: - • e jo asn 

aqi 'xxjciiHUi ayvxiiDH aq^ jo aai^uao ^q-; ,:r.---: ; -sodsxp osx^ 
puH saau:roo aq:j Buxpnx^ux xxjci^eui aAx::oc :o -xaqauixjrad 

aq:} punojCH Buxpnxoux uoxBajc XTJcr^Hui aAT:ioi? --u:; :inoqBnojcq:t 

pa:inqTj:qsxp aq uho sjiosuas ajniHj:adiuaj, 'suoTqxpuoo oi 
X^auamuojcTAua pup Aai^auioaB aaqpaq pun A^x^^^STP 11^^ 
paApx<^STP BuTaq aBpuix aqrt jo ajrn^pu aqtt 01 anp suoxiPjaHA 
ajcn:;B:cadma:; X^^^T ^^1 Apui aj:aqii 'jiaAamoH * x^T^^^^^ 
XB^sAjto pTnbxx aq:; ^noqBnoaq:} Axuijcojxun Ax X^T ^^^^sqns 
paqjosqp Axq^Jiajajcd st :}HaH ' smojc puB sumnxoo ut paBupjcjip s 
sxaxxd 50 A:iTXHj:nxd p sasT^duiOD- XTaqpui aATqoe aqx ' ZZTZ 
aynojiTO xo-^^uoo Butuit^ aqrt oc^ sxiX A^xdsTp aq:; moag sunjt 
qDTqAi 's^^TT ^utx aosuas aj:n:;p:i:aduia:i p '^t^TT X^^^T^TPP^ 
snq qTnojcTD Aex^STp aqq '^3 aanBTj- o:^ ^o^q BuT^cJcajaH 
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Another preferred embodiment of the display 1112 has 
an internal heater. Referring back to Figure 2H, during 
normal operations, the vertical shift register 1142 has 
only one row on, so that as the horizontal shift register 
5 113 6 moves from column to column only one pixel is 

affected. After the last pixel on a row is addressed, the 
vertical shift register 1142 switches the active row. The 
display 1112 can be placed in a heat mode where each row 
114-1 is turned on and has a voltage drop across the row to 

10 create heat. In the embodiment shown in Figure 2H, an end 
1158 of each row line is connected to V^d and the end near 
trie shift register is driven low thereby creating a voltage 
differential across each line. The heat is generated since 
p=V'/R, where R is the resistance of the row lines. In 

15 normal operation, only the selected line which contains 
pixels to be driven low generate heat, not the entire 
display. 

Referring to Figure 21, with the common voltage 
(Vf:oM)high, the actual video signal is scanned into the 

20 matrix circuit. After a delay to allow for the liquid 

crystal to twist into position, the LED backlight 1111 is 
flashed to present the image. Prior to the next screen or 
subframe, a heat cycle occurs where all the row lines are 
driven such that there is a voltage differential across the 

25 row. The heating can occur while Vqci: and the video are 

being alternated and inverted, respectively, by the frame 
control line 1131. Figure 21 shows a heating cycle after 
each subframe, but the number and time period of heat 
cycles can be dependent on the temperature of the liquid 

30 crystal as determined by the temperature sensor 1132. In 
cold environments, the digital circuit 1120 can have a 
warm-up cycle where the heater is turned on prior co the 
first painting of the screen. 
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qxau aqi jo BuxciTaM go BuxuuxSaq BUJT:iau]os 

XT:}un jcnooo oq SA^q r^ou ssop qs^xj sqi go Buxpus aqj, 
* sq:}Buax^'^^^ P^^ ^oj aAXSsxuisuHjq Axi^ox^^^o Buxaq x^^sAao OE 
pxnbxx ^q:i ux pst^x^saa snq ^luejcjqns snxq ^q^ ^05 uat^tixjtM 
Xaxxd qsjcxg: ^qI^ z^pqq c^uxod 9q:i 0:1 psss^JcBoad s^q auiejcjqns 
snxq 3q:i aog Buxqxjc/A aq:; usqM 'uo aq 02 qs^xJ P^-^ 
-xoj axq^-^TSsp qou sx :jx '13 ajcuBxj o:^ Bux jjcajaj: axduiHxs jio^ 

'Ji9MaxA aqzi oq ax^^T^T^ sx qq6xx>[^Hq aqq uiojcg :iqBxx :;Hq:^ SZ 
Axquaxoxggns pat^sxMCt snq auiHJcg: i^xau aqa go ua:iqxjCM aq oii 
Xsxxd :;saxj aq:; q:;xM pa:^HxoossH x^^sAjto pxnbxx uaqM uo 

cluapuadap sx 'paci^uxuiaa:^ aq :isnui qspx3 ^'^^ r^uxod aqq 

jio 'qs^xj JO uoxz^BJtnp aqj, -uaas aq o:^ aoxoo oxgxoads 

ijHqi^ Moxx^ :iSXMi^ oq auix:i :;uaxDxg:5ns spq uaqqxaM aq 0:1 qz 
Xaxxd qs^x q^T^ paii^xooss^ X^^sAjo pxnbxx uaqM uo 

tjuapuadap sx aiuxq A^x^p ^qj, ■p^^SHX? aoxoo oxgxoads 

aqil uo quapuadap aq u^o amxc^ qs^xj P"^^ (x^^sAjco pxnbxx 

aq:i 30 ^ulx::^ asuodsajc aog Aexap aq:!) aujxi^ Apx^P R^oq 
'JtaAaMOH ' IZ ajrnBx^ ux x^^T^^^PT UMoqs ajCH amxq qs^X? SI 
aq::^ pue qs^xj BuxuuxBaq ajcojaq auix:i A^x^P 

•Buxti^Huaaix^ t^o daa:^ oapxA aqq pun ("°^A) aB^^xo^ uouiuioo 
aqi -paqs^x5 TXXX :iq6xx>(o^q a3T sq:i tiaqq puB sa:nooo 

A^xap V -iixnojixD xxjc^hui aq:^ o:^ux pauueos sx x^^^T^ oapxA 

Xenqoe u^ 'qSxq ^od^ q:;xM -paAoatisap aq 01 pauu^os uaaq oi 
qsnC snq :iHqit aB^uix aq:} ux sr^xi^s^-^ ^ST^ ^''°^A BuxAX^rp aqx 
•qBxq saoB "o^a 'S-xnExj aq:} ux z auiBJigqns 'x auiHjrj 'uaajtos 
:}xau 0:1 :ioxj:d ' aBnuix Mau ao paqsaagajr aq::^ t^uasaad o:i 

paqsHX? ST HIT ^qSTI^onq aST ^qi 'asxM^ o:} x^^s^J:o pxnbxx 

aqi^ Moxx^ A^xsp e -xarjjp AxJc^xT^TS • ixnojcxo xxjcqeui s 
aqi or^ux pauuHos sx x^^Sxs oapxA pai^jcaAUX aq:} 'mox "°^a q^TM 
•uaas :;ou sx aB^uix aqq go a:rnspj:a aqq 'uo :}qBxx>(OHq ou sx 
ajraq:^ aouxs 'JcaAaMOH 'pauuHos uaaq lisnC SHq :;Hq:} aBnuix aqq 
saspjxa Mox "°^a BuxAXjp 'i^ ajcnBxj oq Buxjcjra jaj XTT^s' 
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The timing control circuit 1122, as seen in Figure 2F, 
can vary the flash duration and the delay or response time 
dependent on the color that is to be flashed. In addition, 
the current to the backlights 1111 can be varied to adjust 
5 the intensity of the color. If desired, a color control 
line 1127 can be added to the timing control circuit 1122 
to allow the user to vary the color. 

It is recognized that the method of generating heat is 
different on different displays. For' example, referring to 

10 Figure 2A in which a select scanner 46a and 46b is located 
on both sides of the display and is connected to each end 
of the row, in typical operations either both ends are high 
or both ends are low depending on whether the row is being 
addressed. In order to heat the display, one of the select 

15 scanners, for example 46a, can be driven high for all the 
rows, and the other select scanner, for example 4 6b, is 
driven low for all rows therein creating a voltage 
difference across the row lines. 

The clock timing sent to the display 1112 is shown in 

20 Figure 21. The clock timing is needed by the display 1112 
only when writing to the pixels. The capacitance of the 
storage capacitor holds the liquid crystal in the proper 
position during the time the backlight 1111 is flashing. 
By periodically sending clock signals to the display 1112 

25 for typically as much as fifty percent (50%) of the total 
time or less results in a power reduction. 

Referring to Figure 2J, a schematic of the display 
1112 and the digital to analog converter 1130 are shown. 
The display has a horizontal shift register 1136, a 

30 vertical shift register 1142, and switches 1140 similar to 
what is illustrated in Figure 2H. In addition, and in 
contrast to Figure 2H, Figure 2J illustrates a heating gate 
1154 . 
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0:1 9803 spx^T^s :;q5TX uinuTUinx^ ^A^q uho 09II uoxi^od xxar^pui 

H spq LvOZ iuaiua-[s -[axxd qopg 'OeOS i^x^s:ihu) x^^sAao 
pxnbxx pssodjcaiiux up Aq S803 apojcqoaxs-i^st^unoo uiojcj OE 
pao^ds Z-^'O^ :;uauiex^ isxxd h Suxpnxoux 09II uoxqjcod xxjqeiu 
aAxqoH UP SHq A^x^sxp aqx 'UMoqs sx ^XXX Apx<^sxp 

aq:^ JO msxa x^^ot^^^s ^ sjnSxj oq Buxajiaia^ 

- jcosuas aanqeaadmaq 

aqq TX^XM p3sn aq u^o jcaq-esq aqpaedas p qpqq pazxuBooajc sx 
qx 'pajcaajaad sx jcaqeaq x^^-^^'^luT ^IT^M 'QS-VS sajinBxj 

oq qoadsajt qqxM paqxaosap squauixpoqiua aqq oqux paqpaodjiooux 
aq upo BuxrjHaH * Ax^uapuadapux pasn uho A^x^^sxp aqq go 
Buxqeaq aqq pup 5uxssaj:ppp qnqq pazxuBooajc sx qi 

•*"^A 50 OZ 

aqq ssoaop dojtp aBpqx^^ ^ sx aaaqq ' (0) oaaz oq aqp5 aqq 
Suxqqas Aq 'paujtnq aap sj.ji x^^^^M^-^ uaqM • sqxoA (o) 

oaaz Ax^qPuixxo-xddB ajcp smoji aqq xi^ 'Ahx^sTP 6uxqx,XM 
qou uaqM * (°°A=A) uo sx oq uaqqxaM Buxaq mojc aqq Ajuo 
Apx^sxp aqq oq BuxqxjtM uaqM Axx^^T'^i ' ^J.dJL Z'^umaiio - d go gx 
saxjcas p spq f^gxx aqp6 Euxqpaq aqq aJcnSxj oq Buxa-.iaja.T 

' Si^i X^^^"^^^-^ aAPq qoxq/A sx^xxd sioj asxMa>(xq 
•Buxqpaq ui-xojxun ux qsxssE oq Ah-jjcp x^^T^^^ -T.pxsano 
SMoa pj:qxa x^-^^-^^s aApq upo 3IIT Apxdsxp aqq qpqq azxu5oO'3_i 

osx^ sx qi -oaaz sx qoxqM '-^a paqoauuoo sx uxpap aux 01 
•Mojc ajcxqua aqq 6uoxp paqpdxssxp sx qpaq pup x^^^'^'-i^ 
-u aqq oq mojc aqq qBnojcqq z^TZ -xaqsxBaji qjxqs x^^T^^^^ 
aqq qqxM paqpxoossp j:aqaaAUX aqq mojg: Buxmoxj qua.Tj:no 
ux s:;xnsaji: OSTT auxx qpaq p. oq ^^a BuxAxddp Aq 'uo pauanq 
sjLdi x^u^^T^^-^ uaqM ' ^°A bj:^ smoj: aqq xi^ 'Apxdsxp aqq g 

oq BuxqxjiM qou uaqM * (0=A) uo sx oq uaqqxjCM Buxaq mojt aqq 
Axuo Apxdsxp aqq oq SuxqxjtM uaqM Axx^^T^^J^ " X^uupqo 
-u JO saxj:as p spq t^six aqp6 Buxqpaq aqq ' s id J. x^^upqo 
-d aAPq qoxqM sxaxxd jcoj 'yiz aj:n6xj oq Sux.xjiaga:^ 
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used for projection requiring high luminance light. The 
counterelectrode 2085 is connected to the rest of the 
circuit by solder bumps 2088. The matrix 1160 is bounded 
by a pair of glass substrates 2090 in this embodiment and a 
5 pair of polarizers 1162. An additional pair' of glass 
plates 1164 are located outboard of the active matrix 
portion 1160. The glass plates 1164 are spaced from the 
polarizer 1162. The space defines an insulation layer 
1166. The display 1112 includes a two-piece case 1168 

10 which contains the active matrix portion 1160, the glass 
plates 1162 and the polarizers 1164. A room temperature 
vulcanization (RTV) rubber 1170 helps in maintaining the 
elements in proper position in the case. 

Still referring to Figure 2M, an alternative 

15 embodiment for an internal heat is shown. A second layer 
of ITO (Indium Tin Oxide) 1174 underlies the 
counterelectrode 2085 with an interposed layer of Si02 
1176. The second layer of ITO 1174 is patterned such that 
it covers only the array area. If a current is passed 

20 through the second layer 1174, it heats and consequently 
heats the liquid crystal 2080. Similar to previous 
embodiments, the heating occurs between the two layers of 
glass 2090 that bound the matrix 1160. 

A preferred embodiment in the form of a stand-alone 

25 video display device 98 featuring a liquid crystal display 
incorporating the actual matrix display circuit 100 will 
now be described in connection with the exploded views, of 
Figures 3A and 3B. 

In Figure 3A, a portable imaging device such as a 

30 pager is illustrated having a housing including a top 40 

and a bottom 43 with a door 50 for access to a battery 48. 
The battery 48 provides power to the circuit board 41, the 
display 24 and the backlight 22. The pager can be operated 
by controls 3 8 or push buttons accessible through one of 
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p oquo pappox sq u^o ' AxaAT:iHiij:Bix^ 'asqnduioo x^^os^^^ 

H o:iuo 6 91 ^-xod qSnojqii aaxM Aq pappox ^q osx^ upd saSHUix 
^^J, -assMoaq qsM jco 'uxajtaq paqxjCDSsp sh auoqdax^^ ^ 

aeqr^ jcaBnd aq:; uxqc^TM Ajcouiaui p uxq^TM psjlo:)s Axx^^T^ojcc^oaxa 
sa6-euiT ubd 99X aosuas EuxBeuix x^^T^TP ' ' LST suax 

puTs 99X -:cosuas aBHuix up Buxpnxoux ejcauipo e asodxa jco jcsaoo 
sapxxs qoxqM ^:9X jcbaod p sx ^^uauixpoquia sxq:; ux u/Aoqs 
osxv 'I9T Axquiassp Apxdsxp aqa jo apsa aqq pup Aji:a:i:;pq qz 
aqq jcogp SST A:jxapo 3q:i asodxa oii paAOuia:c sx ZSZ x^^^^ jcpaa 
aqi 'Pat^ ajcnSxj ux paqpjcqsnxXT quauixpoquia 3Ax:iPUj:a:jx^ 
ui -Ajcaqqpq aqq pup Apxdsxpojcoxui aqq Buxuxpquoo uoxqaod 
qpqtj ux jca>(Oxqq sx ggi Buxsnoq jo 39X aopj-xns jpajc aqq 
'a=^ ajinBx^ 50 MaxA jcpaa aqq ux uaas sv 'LST '9ST saqoqxMS 
Aq paqpjcado ajcp sApxdsxp aqi "851 qoqxMS qp paqsnCpp 
aq upo uoxqPDXjxuBpui Apxdsxpojcoxtu aqx -saBpssam jco saaquinu 
paxxo-^3s -^o sjiaqmnu auoqdaxaq ppajc oq Apxdsxp DxqaqpqdxP 
jTo/pup Dxjcauinu uoxqnxosaji: mox axduixs p sx Apxdsxp 
puooas aqj. ' l^SZ juasn aqq Aq paMaxA sx uoxqpox jxuSpuj gx 

qnoqqxM Apx^^TP X^^^^ ^^I? puooas v *AxsnoxAaad 
paqxjcosap sp Apxdsxpojoxui p SMaxA aasn aqq qoxqM 
qSnojtqq suax p spq ZST pajcp SuxMaxA ' Buxsnoq p uxqqxM 

^rgx pxrp ZST spajcp BuxMaxA Apx*^sxp o/Aq 6uxApq 091 uiaqsAs 
jcaBpd p JO quauixpoquia pajcjiagajid p ja A\axA aAxqoadsaad p sx oi 
V^^ aanBxj -^^^r - saanBxj qqxM uoxqoauuoo ux paqp:rqsnxXT 

aap saoxAap Apxdsxp px^^ pupq jo quauixpoqma pajcaajajcd 

•^^e sspxB aaAOo p pup ' ZZ Axquiassp 
suax ^ '93 SPTI^ oxqdo aqq oq aAxqpxa:i: QZ X^^^^^ 
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one or more card slots 168. The port 169 can also be 
connected directly to a keyboard or touchpad as described 
herein. The sideview of the housing 155 shown in Figure '4C 
illustrates a clip 160 that is used to fasten the device to 
5 the clothing of the user. The clip 160 is attached to the 
bottom surface 164 of the housing 155 as shown in Figure 
4D. 

Another preferred embodiment of a hand-held viewing 
device 170 is illustrated in the perspective view of Figure 

10 4E. A first display is seen through lens 172 with 

magnification being adjusted by knob 174. A second display 
180 as described above is positioned on the same side of 
the device 170 as the lens 172 for ease of viewing. The 
displays are operated by switch 176 and. buttons or control 

15 elements 178 . A top view is illustrated in Figure 4F 

showing ridges 184 that accommodate the fingers of the user 
and the second display switch 182, which is shown more 
clearly in the side view of Figure 4G. 

Rear and bottom views of device 170 show rear 188 and 

20 bottom 186 sides in Figures 4H and 41, respectively. 

Another preferred embodiment is illustrated in the 
perspective views of Figures 4J and 4K. In the embodiment, 
a hand held unit 190 has a viewing window 191, a focus 
control 192, a rear panel 193 with an external port, a 

25 battery access panel 194, and a control panel 195 with 

control elements including a scan control element 196 to 
move text or the image on display up or down and left or 
right . 

An embodiment of the invention is directed to a 
30 wireless communication device 900 such as an enhanced 
pager. Figure 4L is a functional block diagram 
illustrating such a wireless device. The device 900 
includes a processor 902 having read and write access with 
memory 904 . The processor and other components of the 
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Another preferred embodiment for providing a color 
display can use a diffraction optical system such as those 
described in application U.S. Serial No. 08/565,058 filed 
on November 30, 1995, the entire contents of which is 
5 incorporated herein by reference. 

Another preferred embodiment of a 1.25 inch diameter 
lens system 52 with a larger field of view is illustrated 
in Figure 5B . Three lens elements 51, 53 and 55 enlarge 
the image on the display 54. 

10 The lens 65 of Figure 5A can be used in the 

alternative display assembly of 80 of Figure 5C. In this 
embodiment, the display 82 is positioned between the 
backlight housing 84, containing LED 86, and the lens 
housing 88 that holds the lens 65 in a fixed position 

15 relative to the display 82. 

A microdisplay system 360 utilizing a folded optical 
path is illustrated in connection with Figure 5D. In this 
embodiment, an LED array 362, or other light source, 
illuminates the display within housing 364. The display 

20 366 directs an image along a first optical path 372 that is 
reflected by mirror 368 along a second other path 374 
through the lens 370 as described previously. 

Another preferred embodiment of the backlight system 
is illustrated in Figures 5E-5G. The backlight 375 

25 includes a reflective bowl 376 with an inner concave 

surface 382 that reflects light emitted by the LEDs 380 
onto the active matrix region of display 377. The LEDs 380 
are mounted on a circuit board 378 that is electrically 
connected to the timing circuit described previously.' The 

30 system 375 can also include a heat sink 379 for 

applications requiring thermal isolation of the display 
circuit from the backlight circuit. The element 379 can be 
a silicon carbide, silicon, or aluminum nickel plate or 
wafer. The element 379 can be insulated from the display 
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light housing 473 which can be adhered directly onto the 
display 475 with an epoxy adhesive or with an optional clip 
474. The display is held' by a display holder 476 which can 
also serve to define the visual border for the active area 
5 of the display as seen by the user through transparent 
window 482. The holder 476 is attached to holding panel 
477 which retains ring 478 within the proximal end of 
housing element 471, The ring can be manually or 
electrically actuated to rotate and thereby translate 

10 optics holder 472 along the optical axis 486. A pin 479 
can be used tc couple the holder 472 to internal helical ■ 
thread of nr..;.: ^Mb . The lens 480, an optional second lens 
within the dir^c-. 1 end of holder 472, a color correction 
element 481 cx:\..i window 4 82 can all be held within holder 

15 472 which mov^ i; i-Ki*._ive to the display to focus the image 
thereon . 

Element *;70 fiLr snugly within an external housing 
such as that L'r.own m Figure 13F, or within the other 
device housing?; as described herein. 

20 An exploded view of a preferred embodiment of the 

backlight relative to the display 475 is shown in Figure 
5M. The display circuit and LED backlight are mounted on 
circuit board 4 63. Preferably, two or three LEDs are used 
to provide two or three colors, respectively. Between the 

25 backlight housing 473 and the display 475, a brightness 

enhancement film 484, such as the "BEF" film available from 
3M Corporation can optionally be used along with a diffuser 
485. As seen in Figures 5N and 50, the circuit board 483 
mounted on a first side of housing 473 and the backlight 

30 active area is defined by the diffuser 485 on a second side 
of the housing 473, 

An exploded view of an alternative embodiment of the 
backlight is shown in Figure 5P. A backlight housing 1473 
has a plurality of compartments 1475, four being shown in 
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Table 1 
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Zone Radius (mm) 


Step Width (mm) 
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0.934 


0.274 
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1.145 
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1.478 


0.156 
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1.619 
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1.748 
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8 
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1.869 
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190 
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193 
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194 
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0.024 


195 
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0.024 





Table 


2 


Zone 


R Cmml 






0.0001 


1. 101 




0.05 


1 1 02 




0.1 


1 .380 




0,15 


I 106 




0.2 


1 .109 




0.25 


1.114 




0.3 


1.120 




n 'iS 
\j .J J 


1.126 




0.4 


1 .134 




0.661 


1.890 


2 


0.662 


2.292 


2 


0.707 


2.305 


2 


0.753 


2.3 1 8 


2 






2 


0.844 


2.348 


2 
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3.482 
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3.499 


3 


1.019 


3.516 


3 


1.061 


3.534 


3 


1.103 


3.552 


3 


1.145 


3.571 



LIGHTING SYSTEM FOR REFLECTIVE LIQUID CRYSTAL DISPLAY 
20 The details of a lighting system for a reflective 

microdisplay of the invention will now be described in 
connection with Figure 6A. Illumination for a reflective 
LCD system 500 based upon the active matrix circuit 
described heretofore in connection with Figures 2A-2M is 
25 provided by an array of Light Emitting Diodes (LED(s)) 501 
disposed adjacent 1 ight -dif f user 505 which uniformly 
transmits the source LED light to a linear polarizer 502. 

The linear polarized light 516 from polarizer 502 is 
passed to a polarizing beamsplitter or prism 508 which is 
30 reflected by beam beamsplitter 508 and is incident on 
specularly reflective LCD 506 to provide the requisite 
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Figure 6C shows an alternative method of lighting the 
active matrix 588 of a reflective microdisplay 590.' 
Similar to the previous embodiment, a dichroic prism 592 is 
interposed between the microdisplay 590 and the lens 593. 
5 A light source housing 594 is contained within the display 
housing 595. The light source housing 594 has a plurality 
of light emitting diodes (LEDs) 596. The LEDs are located 
in cells. A pair of dichroic mirrors 597 and 598 are 
located in the lighting housing 594 to direct the desired 

10 light from each color light source along a common axis 

towards the prism 592. The prism 592 reflects the light 
similar to the previous embodiment. 

Shown in Figures 7A-7C are preferred embodiments of an 
LED backlighting system utilizing a diffuser for a 

15 transmission display in accordance with the invention. In 
a first embodiment of an LED illumination system 400 shown 
in Figure 7A, blue (B)402, green (G)404, and red (R) 406 
LEDs are optically coupled to a flat diffuser element 408 
around the periphery of an illumination area of 410 that is 

20 positioned adjacent the display active or viewing area. 

For a display having a diagonal of 6.35 mm, the side of 412 
of the viewing area 410 can be about 3.81 mm in size, and 
the length 414 of the viewing area can be about 5,08 mm. 
The diffuser 408 can be a plastic material such as acrylic 

25 and the back of the diffuser can be coated with a 

reflective material to improve light output of the device. 

In another embodiment of an LED display illumination 
system 420 as shown in Figure 7B, the LED ' s 422 are coupled 
in pattern to the edge of the diffuser 408. The LEDs 422 

30 are actuated in sequence 407 to provide color sequential 
operation with fewer LEDs. 

In the system 430 of Figure 7C, the display 432 is 
coupled to an angled diffuser 436 at interface 440. The 
linear array of LEDs 434 are coupled at one end of the 
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increased thickness and shortness of the body of the angled 
diffuser 1436 increases the coupling efficiency of the 
backlight system. 

Illustrated in connection with Figure 8A is a cellular 
5 telephone 200 having a magnified microdisplay in accordance 
with the invention. The display can be included in a base 
portion 210 of a "flip-phone" along with keypad 218 and 
microphone 220. The speaker 206, or the display or a 
second display as well as additional circuitry can be 

10 included in second portion 208 that rotates relative to the 
base 210. An antenna 204 can telescope out of the base for 
improved wireless reception. A battery is housed at 212. 
A lens 202 can be viewed by the user while holding the 
speaker to his or her ear thus enabling both viewing and 

15 voice transmission at the same time. The display can be 
turned on or off at switch 216 to save battery life when 
the display is not in use. The magnification can be 
adjusted at knob 214 . 

Additionally, a small camera 215 such as a charge 

20 coupled device (CCD) , CMOS imaging sensor or other solid 
state imaging sensor can be mounted on a telescoping 
element to provide an imaging or video-conferencing 
capability. The camera can be pivoted so that the user can 
point and hold the camera in any selected direction. The 

25 image generated can be seen on the display and/or 

transmitted to a remote location, selected buttons or touch 
pad keys 218 can be used as a mouse control for the 
display. 

Referring to Figures 8B and 8C, an alternative 
30 embodiment of a cellular telephone 222 having a magnified 
microdisplay in accordance with the invention is shown in 
open and closed perspective views respectively. The 
cellular "flip-phone" 222 has a base portion 224 and a flip 
portion 226. The base portion 224 has a keypad 228 a 
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handset 1222 having a magnified microdisplay in accordance 
with the invention is shown. The telephone 1222 has a 
base portion 1224 and a display portion 1226 formed as an 
integral piece. The base portion 1224 can include a keypad 
1228 or virtual keypad, a speaker 123 0, and can include an 
antenna 1232. The base portion 1224 can include an 
alphanumeric display for seeing the telephone number as it 
is being entered. An alternative to the alphanumeric 
display is for the microdisplay to change resolution as 
described above or overlay enlarged numerical information 
on images being displayed. 

The display portion 1226 of the telephone 1222 
projects from the base portion 1224. The display portion 
1226 includes the microdisplay with a lens 1236 that can 
extend substantially orthogonal to the plane of the base 
portion 1224. A microphone, located behind an opening 
1234, can be generally located where the display portion 
1226 and the base portion 1224 merge. The telephone 1222 
can have a battery 123 8 which is accessible from a palm 
receiving portion of the base 1224, as seen in Figure 81. 
This embodiment and other personal communication devices 
described in connection with other embodiments can utilize 
a high gain rear projection screen 1235 that can be 
positioned relative to the lens 1236 such that several 
people can observe the displayed image at one time. This 
option can include a high brightness switch for the 
backlight which can be manually actuated to draw more power 
to improve clarity of the image. The screen 1235 can be 1 
and 4 inches in diameter depending upon the application and 
the brightness level generated by the backlight. The 
screen 1235 can be folded out from the telephone housing, 
or can be a detachable accessory including sidewalls 1239. 
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A camera 1237 can be incorporated adjacent the display 
section 1226 to provide an image of the user or some other 
object of interest for transmission. 

Alternatively, the display can be formed in a modular 
5 component that snaps onto the base portion of a standard 

telephone and couples to a display circuit port in the base 
section of the telephone. This is illustrated in the 
preferred embodiments of Figures 9A - 9J. The standard 
telephone shown in Figures 9A, 9C and 9D is representative 

10 of a Motorola Star Tec® Cellular Telephone. 

Figure 9A shows a telephone 250 having standard 
features such as a display 252 and a port 254 for external 
communications. The modular display unit 260 shown in 
Figure 9B is configured to dock with the telephone 250 

15 wherein the connector 268 is inserted into port 254 and 
latch 2 64 connects to the top of the base section of 
telephone 250 thereby connecting the microdisplay within 
display subhousing 262 to the receiver within the telephone 
250. The subhousing 262 pivots relative to main housing 

20 270 to allow viewing of the display through lens 267 during 
use of the telephone 250. In this embodiment, telescoping 
camera 215 can extend from subhousing 262. Base 270 
includes a second battery, drive electronics for the LED 
backlight LCD display on activation switch 266. Figure 9C 

25 is a sideview of telephone 250 showing the battery housing 
212 on the opposite side from the speaker 206. Back panel 
258 is shown in the rear view of Figure 9D along , with 
second battery contacts 256 exposed thereon. When the 
telephone 250 is docked in unit 260, the surface 258 abuts 

30 surface 265 and connectors 264 are positioned against 

contacts 256 such that the telephone can be powered by the 
second battery in housing 270, 

Figures 9E, 9F and 9G illustrate top front and side 
views of unit 260 where the subhousing is shown in both its 
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storage position 274 and its viewing position 111. Figures 
9H and 91 show back and second side views of unit 260 and 
illustrate battery access panel 275, focus knob 276 and 
control buttons 278 that are exposed on the side of housing 
5 270 when the sub-housing 262 is rotated to the viewing 
position 272. 

In the embodiment 28 0 shown in Figure 9 J the telephone 
284 is shown docked with housing 286. However in this 
embodiment, the display is mounted within a pivoting unit 

10 282. The user can swing unit 282 along arc 292 to expose 
viewing lens 288. The user can also swing the display 
around a second orthogonal axis 294 at joint 298 so that 
the display rotates into a variety of viewing positions 
relative to hinge section 290. 

15 Figures lOA and lOB illustrate another docking system 

for a portable telephone. The element 286 of system 300 
includes mouse controls 303 that can be positioned on the 
front or rear of the element. The telephone, which can 
incorporate a touchpad 3 01, nests within the docking 

20 element 286 and is electrically connected to the element 

through a connecting port as described previously. Part of 
the base section houses a display module 306 having a 
display window 309 and can optionally also include a CCD or 
CMOS camera 310 in module 305. The modules 305, 306 can be 

25 manually or electrically actuated to move between a cavity 
within the base element and an operating position outside 
of the base section. Each module 305, 306 can rotate 
around axis 3 08 when in the operating position for easy 
repositioning by the use. The display can be used as a 

30 view finder for the camera. The. base section can 

optionally rotate around the longitudinal axis of the base 
section for left or right handed use. 

The docking element 286 can also include a PCMCIA card 
slot 3 02 and a touchpad on the rear panel adjacent the 
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docking element battery. Slot can receive an image data 
card on which data can be stored or retrieved. The slot 
and associated circuitry can thus receive a smart card that 
can be used to charge or pay for phone calls or information 
5 on the card can be shown on the display or transmitted. 
Slot 302 as described herein can also be included in a 
wireless telephone with an integrated display as shown in 
Figure 8 . 

Figure 11 illustrates another preferred embodiment of 

10 a docking element 311 in which the display module 312 can 
be moved along axis 314 between a position within the base 
section to an operating position outside the docking 
element housing. The image viewed through lens 313 can be 
inverted for left or right handed use. 

15 Another preferred embodiment of the docking element is 

illustrated in Figures 12A and 12B. The element 315 has a 
rotating portion on the back of the telephone and includes 
a display module 316 which rotates around a second axis 318 
to expose the viewing port 317. The module 316 can rotate 

20 around a third axis for positioning by the user. 

Another preferred embodiment of the docking element is 
illustrated in connection with Figures 13A-13F. In this 
embodiment a cellular phone 552 docks with a docking 
element 550. Docking system 550 has a two display module 

25 ports 554 and 556. Either port 554 or 556 can receive the 
display module 580 that is illustrated in Figure 13F. 
Figure 13A illustrates port 554 on a first side of system 
550 and docking port . connector access 571. Figure 13B 
shows a second port 556 on a second side of the docking 

30 system as well as a joystick element 560, a mouse button 
558 and an external mouse port 562. 

Figures 13C and 13D show the docking element 550 
without the phone 552 . These illustrate the phone docking 
connector 566 and the phone retention clip slot 564. 
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Figure 13E shows an exploded view with the housing 550 
having top 551 and bottom 553. The housing contains the 
joystick 561, the phone port connector 565, circuit board 
570, docking port connector 572 clip 563. 
5 The display module housing 580 has a connector 586 

that electrically connects the display circuit to the 
circuit board 570. A circular element 584 connects to each 
port 554, 556 and permits the housing 580 to rotate 
relative to system 550 so that the viewing window 582 can 

10 be positioned by the user. 

An alternative display docking system 1500 is shown if 
Figures 13G-13:. A cradle 1504- in a docking element or 
station 1500 r-^'eives the cellular phone 1502. The cradle 
1504 is forrr," i t:y d pair of side rails and a top rail 

15 1508, in add iv ion to the base 1510 and the bottom 1512. 
The docking cA .tZion 1506 is adapted to receive a battery 
1516 as best i>rer. m Figures 13G and 131. The battery 
1516, which i:; received on the bottom of the docking 
station 1506, :s capable of powering both the docking 

20 station 1506 and the cellular phone 1502. 

Still reierring to Figures 13G-13I, the docking system 
1500 has a display subhousing 1520 which pivots relative to 
the base 1510 at the docking station 1506. The display 
subhousing 1520 has a foot pivot portion 1522 that rotates 

25 relative to the base 1510 of the docking station 1506 and 
an arm 1524, The arm 1524 extends laterally from the foot 
pivot portion 1522 in the operating position, as seen in 
Figure 13H. The arm 1524 has a viewing housing 1526 with a 
lens, which moves outward, therein spacing the lens from 

30 the microdisplay located in the arm 1524. 

Figures 13J and 13K show another alternative display 
docking system 1530. The display docking system 1530 has a 
cradle 1534 on the docking station 1536 similar to the 
embodiment shown in Figures 13G-13I, The docking station 
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1536 likewise is adapted to receive a battery 1538 capable 
of powering both the docking station 153 6 and the cellular 
phone 1502. 

Still referring to Figures 13J and 13K, the docking 
5 system 1530 forms a handset and has a display subhousing 
1540 which has a display pod 1542 and a pair of sliding 
arms 1544. The display subhousing 1540 moves relative to 
the docking station 153 6 by the arms 1544 moving 
translation relative to the side rails of the station 1536 

10 as represented in Figure 13K. The arms 1544 then are 

capable of rotating relative to the docking station 153 6 as 
illustrated in phantom in Figure 13K. The display pod 
1542, which houses the microdisplay and a lens, can rotate 
relative to the arms 1544 to position the microdisplay for 

15 viewing. 

Figure 13L illustrates a keyboard 1550 having a 
conventional key layout. The keyboard has a cord 1552 with 
a plug 1554 adapted to be received by a data transmission 
system, such as a docking station, a cellular telephone or 

2 0 a pager. The keyboard 1550 has a mouse track point joy 

stick 1556 and a pair of mouse buttons 1558. The keyboard 
1550 is capable of folding such that its thickness is less 
than 15 millimeters as illustrated in Figure 13N. The 
keyboard 1550 can have a touch pad 1560 on one side, such 

25 as shown in Figure 13M, for taking notes or drawing inputs. 

An alternative display docking system 1570 is shown in 
Figures 130-13P. A cradle 1574 in a cradle portion 1578 of 
a docking element or station 1576 receives a cellular phone 
1572, shown in phantom in Figure 13P, of the display 

30 docking system 1570. The cradle 1574 is formed by a pair 
of side rails and a top rail, in addition to a base 1580 
and a back 1582. The back 1582 of the cradle portion 1578 
has a hole 1588 such that the a battery 1586, as shown in 
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phantom in Figure 13P, of the cellular phone 1592 can be 
accessed when the phone 1592 is in the cradle 1584. 

Still referring to Figures 130-13P, the docking system 
1570 has a display subhousing or portion 1590 which 
5 projects downward and outward away from the base 1580 of 
the cradle 1574. The display portion 1590 includes the 
microdisplay with a lens 1594 . 

Figures 13Q-13S illustrate another preferred 
embodiment of a docking system 2500. A docking element or 

10 station 2502 is shown in a bottom back perspective view in 
Figure 13Q. A cradle 2504 in the docking element or 
station 2-502 receives a cellular phone 2506, shown in 
Figures 13R and 13S. The cradle has sidewalls 2507 that 
extend partially up the sides of a telephone in the docked 

15 position, as well as a front border 2509 that partially 
envelopes the telephone while exposing the telephone 
keypad . 

The docking element 2502 has a latch mechanism 2508 on 
the right side, the left side in Figure 13Q, for securing 
20 to the side of the cellular phone 2506. The latch 

mechanism 2508 is released by a button 2510 located on the 
side of the docking element 2502. 

The docking system 2500 has a display subhousing 2512 
as seen in Figure 13R in a storage position in a base 2538 
25 of the docking element 2502. The display subhousing 2512 
houses the microdisplay and a lens 2514. In a preferred 
■ embodiment, the lens 2514 for the microdisplay is not 

covered in the storage position, as seen in Figure 13R. In 
this embodiment, images can also be shown on the display in 
3 0 the storage position. 

The display subhousing 2512 moves relative to the 
docking station or element 2502. The display subhousing 
2512 is carried by an extension 2516. 
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The back 2518 of the docking element 2502, the portion 
that underlies the back of the cellular telephone 2506, 
includes the extension 2516 as seen in Figure 13Q. The 
extension 2516 has a first portion 2520 and a second 
5 portion 2522. The second portion 2522 of the extension 
2516 is rigidly attached to the display subhousing 2512. 

The docking station 2502 has a five key cursor control 
and select 2524. The center key 2526 is for selecting and 
the four surrounding keys 2528 are for movement of the 
10 cursor displayed on the microdisplay . The five key cursor 
control and select 2524 is located above the extension 
2516. 

At the top 2530 of the back 2518 of the docking 
station 250C, u memory card slot 2532 is located for 

15 receiving a memory card 2534 above the five key cursor 

control and iic-lect 2524. The docking station 2500 also has 
. an accessory port 2536 on the right side of the base 2538 
of the docking station 2500, the left side in Figure 13Q. 

The extension 2 516 is moved from the storage position, 

20 as seen in Figure 13Q, to an operating position, as seen in 
Figure 13S, by moving the first, upper, portion 2520 of the 
extension 2516 downward by pushing against a raised nub 
2540 at the lower end of the first portion 2520. The first 
portion 2520 moves laterally in a channel 2542 in the back 

25 2518 of the docking station 2502. The second, lower 

portion 2522, the portion of the extension 2516 which holds 
the subhousing 2512, moves laterally downward and then is 
rotated upward into position. The extension 2516 is 
released from the operating position by operation of a 

30 positioning button 2544 which projects upward into the 
channel 2542 as the extension 2516 slides past, 

A preferred embodiment of a display control circuit 
2548 for use in a docking system 2500 is illustrated in 
connection with Figure 13T. The docking element or station 
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2502 has a cradle or other area for receiving or securing 
to the cellular telephone 2506. The docking station 2500 
has input ports 2552 and 2554 for both an analog phone 
2506a with an antenna 2556 or a digital phone 2506d with an 
antenna 2556. The inputs 2552 from an analog phone 2506a 
are conveyed through a modem 255,8. A switch 2560 on the 
docking station 2502 selects between the digital input or 
the output from the modem 2558 associated with the analog 
phone to input into a control circuit 2550. It is 
recognized that the input ports can be identical that 
switching takes the modem in and out of the circuit 
depending on whether the signal is analog or digital . 

The video signal is sent from the control circuit 2550 
to the display 2562 through an D/A converter and a 
buffer/inverter 2566. The buffer/inverter 2566 sends the 
video straight through the buffer 2566 to get VIDLO (Video 
low) and through the inverter 2566 to get VIDHI (video 
high) . The display 2562 is controlled through a plurality 
of lines 2568 from the display control circuit 2550, 

The . various voltage levels such as supply voltage - 
sink (V^t:) , common voltage (Vcom) ^-i^d supply voltage - source 
(Voij) are sent to the display. In addition, Vp^^- is used to 
power the control circuit 2550. Vp^ is used to power the 
buffer/inverter 2566 . 

The backlight 2570, which is controlled by the control 
circuit 2550, flashes to allow viewing the image. Similar 
to that discussed with respect to Figure 21, both the delay 
time (the delay for response time of the liquid crystal) 
and the flash time can be dependent on the specific color 
to be flashed. The delay time is dependent on when the 
liquid crystal associated with the last pixel to be written 
has sufficient time to twist to allow that specific color 
to be seen. The duration of the flash, or the point at 
which the flash must be terminated, is dependent on when 
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the liquid crystal associated with the first pixel to be 
written of the next frame has twisted sufficiently that 
light from the backlight is visible to the viewer. 

The display control circuit 2548 has a clock 2572 
5 which feeds through the control circuit 2500 to synchronize 
the signals and control the delay times. 

An alternative embodiment of the docking element or 
station 2502 of Figures 13Q-13S is shown in Figure 13U. 
The docking station 2502 has a cover portion 2576 for 

10 covering the lens 2514 of the microdisplay when not in use. 
The cover 2576 can also be slidably mounted to the top 
surface of the docking element. 

Figures 13V and 13W show another alternative 
embodiment of a docking system 2578. The docking system 

15 2578 has a docking station or element 2580 that has a base 
2582 and a cradle 2584. The cradle 2584 has a pair of arms 
2 586 and an underlying support bar 258 8, 

The docking system 2578 has a display subhousing 2590 
as seen in Figure 13V in a stored position. The display 

20 subhousing 2578 houses the microdisplay and a lens. The 

subhousing has an arm 2592 that extends laterally upward to 
space the microdisplay from the base. The arm 2592 has a 
viewing housing 2594 with, the lens, which moves outward, 
therein spacing the lens from the microdisplay located in 

25 the arm 2592. 

Figure 13X is a functional block diagram illustrating 
a cellular telephone 2600 in a docking station 2602. The 
cellular telephone, a wireless device 2600 includes a' 
processor 2604 having read and write access with memory 

30 2606. The processor and other components of the device 

receive power from a power supply or battery 2608 that is 
preferably rechargeable and light-weight. The processor 
operates a transmitter 2610 and a receiver 2612 to 
communicate with one or more base stations 2614 within a 
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celiular network according to standard wireless 
communication protocols. The processor receives commands 
and data from a user through input circuitry 2616, which 
can include a keypad and a microphone of a typical cellular 
5 telephone. The processor provides information back to the 
user through output circuitry 2618, which can include a 
speaker and a visual display (e.g., an LED or liquid 
crystal display) of a typical cellular phone. The 
processor is adapted to communicate with the docking 

10 station through a communication . port 2620. 

The docking station 2602 is programmed, firmware 
controlled or hardwired to operate with the cellular 
telephone 2600, a wireless communication device. The 
docking station 2602 includes a processor 2622 having read 

15 and write access with memory 2624. The processor 2622 and 
other components of the docking station receive power from 
a power supply or battery 2626. When the cellular 
telephone 2600 is docked with the docking station 2602, the 
power supply 2626 can provide power to the cellular 

20 telephone 2600. The processor 2622 receives commands and 
data through the communication port from the cellular 
telephone 2600 and the wireless connected base station 2614 
and from a user through primary input circuitry 2628 on the 
docking station 2602, which can include a five key cursor 

25 control and select key for controlling a cursor on a 

microdisplay 2630. The microdisplay 2630 is one of the 
ways the processor 2622 provides information back to the 
user. Additional ways include the outputs 2618 on the 
cellular telephone 2600 discussed above. In addition, 

30 selections made by the user with the five key cursor 

control and select key 2628 such that commands and data can 
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be transmitted by the transmitter 2610 of the cellular 
telephone 2600 to the base station 2614. 

According to a preferred embodiment, the docking 
station 2602 is light-weight and portable. In particular, 
5 the components are generally low power and small. When the 
cellular telephone, a wireless device, 2600 and the docking 
station 2602 are connected together, they combine to form a 
portable apparatus that provides enhanced communication 
v;ith a base station. In particular, the processors of each 

10 device cooperate (e.g., handshake according to a 

master/slave or client /server relationship) so that the 
user can utilize components on each device effectively. 
During such operation, data can be passed from the user 
through the input circuitry 2628, the processor 2622, the 

15 communication ports 2636 and 2620, the processor 2604 and 

the transmitter 2610, to the base station 2614 . Similarly, 
data can be passed from the base station through the 
receiver 2612, the processor 2604, the communication ports 
2620 and 2636, the processor 2622 and the microdisplay 

20 2630, to the user. 

The docking station can be expandable and provide 
plug-and-play functionality similar to that of a laptop 
computer. Furthermore, the docking station can be 
customized to perform specialized operations. To these 

25 ends, peripheral devices such as a secondary input device 
2632 and a secondary output device 2634 can be added. For 
example, the docking station may be customized by adding a 
specialized sensor or camera as the secondary input device 
and a specialized printer or display as the secondary 

30 output device. Alternatively, such custom features may be 
used as the primary input 2628 or microdisplay 2630. 
Furthermore, the docking station may connected directly to 
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a computer network through an external adaptor module 2638 
(e.g., a moden^ or network interface). 

Illustrated in Figures 14A-14C is another preferred 
embodiment of a telephone system 600 incorporating the 
5 microdisplay of the present invention. In this desktop 
system a handset 602 is connected by cable or wireless 
connection to a base containing by cable or wireless 
connection to a base containing a standard telephone keypad 
604. The display operates in a rear projection 

10 configuration within housing 610. The housing can pivot 

620 or swivel 612 and includes a camera 608 so that a user 
viewing screen 606 can be seen by a person with a similar 
system. Further details regarding rear projection systems 
are described in U.S. Patent 5,467,154, the contents of 

15 which is incorporated herein by reference. 

Figures 15A, 15B and 15C show side cross- sect ional , 
front and front cross-sectional views of a hand-held rear 
projection system 320 using a microdisplay. The system 320 
includes a microdisplay and backlight assembly 330^ a 

20 projection lens system 326, a reflective screen 328 and 
optional retractable sun screens 324. The device has a 
thickness 322 of less than 2 inches, preferably about 1 
inch, a height 336 of less than 8 inches, preferably about 
5-6 inches and a display diagonal 334 of 4 inches or less, 

25 preferably about 3 inches. This provides a system volume 
that is preferably less than about 40 inches. The rear 
reflective screen 328 is shown in the front view of Figure 
13C at 33 8 and are surrounded on 3 sides by retractable 
shades 332 (324). The handle portion can include speakers 

30 338 and an earphone jack 325. 

A body worn hand-held display system is shown in 
Figures 16A and 16B. The hand-held unit 650 includes a 
microdisplay viewed through port 652 that is controlled by 
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control element 656 and connected by cable 654 to a body 
worn communications pod 640. 

Figure 16C illustrates another preferred embodiment of 
the invention including the use of a microdisplay in the 
5 viewfinder 674 of a camcorder 660. The camera lens 664 
is positioned at the opposite end with tape or recording 
disk 672 access on one side and a control panel on the top 
and opposite side. Shown in Figure 16D is a pistol grip 
camcorder having a sliding 670 QVGA microdisplay viewer 668 

10 opposite to the camera lens 662. Control element 666 

operates the record function of the camera for the rapid 
sequential recording of images. 

A digital camera 678 for still photographs is 
illustrated in Figures 16E and 16F. The digital camera 678 

15 has a lens 680 located in front of an image sensor 682 and 
a photosensitive semiconductor such as a charge -coupled 
device (CCD) or CMOS image sensor. Interposed between the 
lens 680 and the image sensor 682 is a shutter which is 
controlled on the digital camera 678 by a shutter release 

20 button 684. A second display panel 686 is located on the 
top or backside of the digital camera 678. 

The digital camera 678 has a microdisplay 688 which is 
seen through a viewfinder 690 as illustrated in Figure 16F. 
The viewfinder 690 has a lens 692 for viewing the 

25 microdisplay 688. The microdisplay 688 is located on its 
own chip 694 which is connected to a logic controller on a 
main or mother board 696 of the digital camera 678, It is 
recognized that the information typically displayed on the 
second display panel 686 can also be displayed on the 

30 microdisplay. 

A preferred embodiment of a display control circuit 
1600 for a color sequential microdisplay 1602 for a camera 
is illustrated in Figure 16G. The display control circuit 
1600 receives an analog composite signal 1604 at an analog 
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signal processor 1606 from an image sensor 1608. The 
analog signal processor 1606 can be a commercially 
available chip, such as the Sony CXA1585, which separates 
the signal 1604 into red, green and blue components. 
5 The image is sent from the analog signal processor 

1606 directly to the microdisplay 1602. At the same time, 
the three analog color components are converted into 
digital signals by analog to digital (A/D) converters 1612. 
The digital signals are further processed by a digital 

10 signal processor 1614 and stored in a memory circuit 1616. 
The signal stored in the memory circuit 1616 can be 
enhanced or altered such as compression, gamma correction, 
smoothing and/ or dithering. The enchanting or altering 
uses commercially available software, such as that marketed 

15 by Photoshop, Inc. . 

In addition to viewing directly from the analog signal 
processor 1606 associated with the image sensor 1608, the 
microdisplay 1602 can display what is stored in the memory 
1616 by the digital signals going through the digital 

20 signal processor 1614 to a digital-to-analog converter 1620 
to convert the digital signal back into an analog signal. 
The display control circuit 1600 has an analog signal 
processor 1622 for separating the signal into red, green 
and blue components. 

25 The display control circuit 1600 has a logic circuit 

. 1624 including a timing circuit. The logic circuit 1624 is 
connected to the image sensor, the microdisplay, the 
digital signal processor and the memory for controlling the ' 
flow of the video signal. 

30 When taking the images directly from the image sensor 

to the microdisplay 1602 through the analog signal 
processor 1606, the logic circuit 1624 synchronizes the 
signal into red, green and blue signals which the 
microdisplay 1602 uses. This synchronization can include 
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the use of various filters to gather image data in a 
synchronized color order to be fed to the microdisplay 1602 
and coordinating actuation of the backlight 1626. 

The logic circuit 1624 controls the sequential flow of 
5 each color frame onto the display by sending video data 

from the memory 1616 onto the display 1602 and coordinating 
actuation of the backlight 1626 along lines for each 
primary color. 

The digital camera 678 shown in Figures 16E and 16F 

10 uses the microdisplay 688 to view the image prior to 

shooting the picture. Figure 16H illustrates a digital 
camera 1630 having a pair of mirrors 1632 and 1634 so that 
the user can view the image through the camera lens 1636 
rather than from the microdisplay 1638 if preferred. The 

15 first mirror 1632 is located between a shutter 1640 and the 
image sensor 1642. The first mirror 1632 directs the image 
that is seen through the lens 163 6 up to the second mirror 
1634, which is located between the microdisplay 1638 and a 
lens 1644 of the viewfinder 1646. 

2 0 When the shutter release button is pushed, both 

mirrors 1632 and 1634 flip to a substantially horizontal 
position as seen in phantom in Figure 16H. The image that 
passes through the camera lens 1636 is seen by the image 
sensor 1642. In addition, if the user wants to see the 

25 image on the microdisplay 1638 or view a previously taken 

picture stored in memory, the second mirror 1634 is flipped 
horizontally, as viewed in Figure 16H in phantom, so the 
microdisplay 1638 can be seen through the lens 1644 of the 
viewfinder 1646. 

30 An alternative embodiment is shown in Figure 161. In 

this embodiment the viewfinder 1646 uses a separate second 
lens 1648 from that of the lens 1654 of the image sensor 
1656 and a single mirror 1650. With the mirror 1650 in the 
position shown, the mirror 1650 allows the user to see the 



SUBSTITUTE SHEET (RULE 26) 

BNSDOCID: <WO 9819435A2_I_> 



wo 98/19435 



PCTAJS97/20171 



image of the microdisplay 1638 through the lens 1644 of the 
viewfinder 1646. With the mirror 1650 flipped down as seen 
in phantom, the user sees the view to be photograph through 
the second lens 1648. If the mirror 1650 is a half mirror, 
5 the user can see both the microdisplay 1638 and the view 
through the second lens 1648. A shutter 1652 interposed 
between the second lens 1648 and the mirror 1650 allows 
selection of viewing the through of either the second lens 
1648 or microdisplay 1638 when a half mirror 1650 is used. 

10 A digital camera/card reader 1660 is illustrated in 

Figures 16 J and 16K. The digital camera/card reader 1660 
has a microdisplay 1662 with a viewing lens 1664 and a 
image sensoi :CGC, such as the Intel VL5426S002, with a 
lens 1668 ar*d an inLerposed shutter 1670. Note that an 

15 electronic shutter car, also be used.. A backlight 1672 for 
the microdisplay 1662 is interposed between the 
microdisplay 1662 and the image sensor 1666. 

The digital camera/card reader 1660 has a slot 1674 
for receiving a memory card which can store or already 

20 contain images viewable on the microdisplay 1662. A focus 
knob 1678 for the display is located on the optical engine 
1680 of the microdisplay 1662. A shutter release button 
1682 and an image select button 1684 are also shown. 

A. detachable battery pack 1686 and the housing 1688 

25 for the circuit 1690, illustrated in broken line, which 

underlie the battery 1686, create a handle for holding the 
digital camera/card reader 1660. 

Another preferred embodiment of the invention relates 
to a card reader system. Such a system 700' is illustrated 

30 in connection with Figures 17A-17C and includes a housing 
705 with a port or aperture 712 for insertion of a card 
730, a display system 706 for presenting information to the 
user, a card reader 734, a control circuit 736, and a 
control panel 715 that controls reader operation. The 
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display system 706 can include the color sequential display 
module as described previously herein. 

The card 73 0 being read by the reader can be a so- 
called "Smart Card" or a PCMCIA card. Smart cards are 
5 commercially available and can include elements 738 such as 
a memory for storing data, a controller, a power source, 
and a coil antenna 732 to interface with the reader, all 
mounted on a piece of plastic. This type of card can be 
used to store personal financial information, personal 

10 medical history, insurance information, and/or many other 
types of data useful to the card user. More details 
regarding such cards can be found in U.S. Serial No. 
08/680,210 filed on July 11, 1996, the entire contents of 
which is incorporated herein by reference. Alternatively, 

15 the card 73 0 can be a PCMCIA card such as a modem including 
a wireless receiver or data storage card. 

The user is often interested in displaying information 
contained on the card and in controlling access to this 
information. The card reader of the present invention is 

2 0 used to provide access to this information by displaying, 
selected information stored on the card. As shown in 
Figure 17A, the reader housing 705 has a viewing window 702 
and a slot or aperture 712 for insertion of at least that 
portion of the card containing the interface 732 to permit 

25 reading of information stored in card memory. The user 

manipulates control elements or buttons on a control panel 
715 of the reader housing 705 to operate the system. The 
elements can include an on/off switch 708 and a four way 
element 710 to scroll the display up, down, left or right. 

30 An internal battery 720 provides power for. all reader 
functions . 

In an alternate embodiment of the invention, the 
reader 700 can also include an imaging device 718, 
including a CMOS or CCD imaging circuit 722 and imaging 
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optics 724. Button 714 can operate the cameras 718 and 
select button 716 allows the user to select from a menu of 
reader 700 operations. 

As shown in Figure 17B, another preferred embodiment 
provides for detaching the display 706 and or the camera 
718 from the housing 705. Either detachable element can be 
electrically connected to the housing 705 with a cable -726 
from a socket 728 of either element 706, 718. The reader 
734 is positioned in the housing 705 to be adjacent to the 
antenna 732 on the card 73 0 or can be any other suitable 
interface such as a magnetic strip reader. 

A schematic circuit diagram for a card reader system 
is illustrated in Figure 18. The circuit includes an 
interface 752 that connects with the card being read, a 
controller 754 having a memory, a user control panel 756, a 
microdisplay circuit 758, as described previously herein, 
and a display 755. The interface 752 can be for cards with 
contacts or for contactless cards, A battery 757 provides 
power to the reader. The controller 754 and interface 752 
and other physical characteristics of the card reader are 
preferably configured to comply with the guidelines set 
forth in the International Organization for Standardization 
(ISO) and the American National Standards Institute (ANSI) 
standards which are available from ANSI at 11 West 42nd. 
Street, New York, NY 10036. These standards, including 
ISO/IEC 7816-1 through 7816-7, and the amendments thereof, 
are incorporated herein by reference in their entirety. 

As illustrated in . Figure 19A, the card reader 750 can 
be connected by wireless modem, telephone or other cable 
link 764 to an interface 760 such as a personal computer 
(PC) card to a general purpose computer 762. 

Another embodiment of the card reader system 766 is 
illustrated in Figure 19B. The system includes a housing 
768 with a port or aperture 770, shown in hidden line, for 
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10 



insertion of the card 730, or at least that portion of the 
card that contains the interface, a display system 772 for 
presenting information to the user, and a control panel 774 
that controls reader operation. Similar to the previous 
embodiment, the system 766 has a card reader, a control 
circuit, and a internal battery as described previously. 
The display system 772 can include the color sequential 
display module as described previously herein and is shown 
in actual size. 

As shown in Figure 19B, the reader housing 768 has a 
viewing window 776. The user manipulates control elements 
or buttons on a control panel 774 of the reader housing 768 
to operate the nystem. The elements can include an on/off 
switch 778 and a four way element to scroll the display up, 
15 down, left or r^^ght. 

The card reader system can be used to access or change 
the data stored on the card or select an option from 
choices provided through a PCMCIA modem. The user can 
change the data or make the selection using a four way 
20 element 710 and a select button 716, such as shown in 
Figure 17A. 

Figures 19Ca-19Cb discloses a schematic of an 
embodiment of a circuit 780 for the card 730. The circuit 
780 has a control chip 782, a memory chip 784, and an 
25 interface chip (flashcard) 786. The control chip 782 takes 
the images, stored on the memory chip 784 and sends the 
signal to the interface chip 786. The control chip 782 and 
the memory chip 784 are connected by both address lines 788 
and data lines 790. In addition, an output enable (OE) 
line 792 extends between the control chip and the memory 
chip to allow the card 730 both to be read and to store 
data. The control chip 782 takes the image and sends the 
image in a series of bits to the interface chip 786. 



30 
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The interface chip 786 has eight connection points 
794, 796, 798, 800, 802, 804, 806, and 808 for interacting 
with an interface connection 816, as illustrated in Figure 
19D, on the card reader 750. The card 73 0 receives power 
5 (voltage) and is grounded through the connections 794 and 
796 made on the interface chip 786. The card receives a 
frame reset signal through a frame reset connection 798 to 
allow the control chip 782 to know when to send the next 
frame. A picture increment signal sent through a picture 

10 increment connection 800 allows the control chip 782 to 

shift addresses to another stored picture. A clock signal 
to the control chip from the clock connection 802 regulates 
the flow of data. The control chip 782 sends a bit of data 
for each clock pulse and waits for a signal before starting 

15 the next row. The image signal is sent from the memory 784 
through the control chip 782 to a data out connection 804 
to the card reader 750. 

The mode input 8 06 is used to switch between a read 
and a write mode. The data in connection 808 is for 

2 0 writing data to the memory. 

Figures 19D, 19Ea, and 19Eb illustrate a schematic of 
a display control circuitry 810 in the card reader 750. 
The display control circuit 810 has a battery, which 
through a digital power supply 812 and an analog power 

25 supply 814, powers the circuit 810 as represented in Figure 
19D. The flash connection 816 of the card reader 750 is 
the interface with the flashcard 786 of the card 730. The 
flash connection 816 sends the signals and power described 
above including the clock, the frame reset and picture 

30 increment from a control chip 820. The control chip 820 
receives its clock signal from a 20 MHz clock chip 824. 
The picture increment is set high by a switch 826, which is 
physical connected to a button on the control panel 774 of 
the reader housing 768. 
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The data signal from the card 73 0 through the flash 
connection 816 is sent to a switch circuit 830 which set 
the signal high (V^^) or low (Vcom) depending if the signal 
is a high, bit (1) or a low bit (0) . The video signal is 
5 sent from the switch to a connector, which connects to the 
microdisplay . The connector in addition send the control 
signals from the control circuit and power to the 
microdisplay. The LEDs for the backlight are controlled 
each by a transistor and a signal from the control chip. 
10 The circuit in addition has a power down reset 

circuit . The power down reset circuit sends a signal to 
the microdisplay to clear the image before the. power is 
off. 

Figures 19D, 19Ea, and 19Eb represent a 1 bit color 

15 display control circuit which displays eight colors (red, 
blue, green, black, white, magenta, cyan, and yellow) . By 
selecting varying voltages between and V^j^ as 
illustrated in Figure 19F and having two switches, a 2 bit 
color display control circuit having 64 colors is possible. 

20 It is recognized that greater number of colors are 
desired, but for items such as pagers and cellular 
telephones, the wireless transmission rate may limit the 
bits available for transmitting image data. With these 
limited transmission rates the available number of colors 

25 for displayed is reduced until better compression systems 
and transmission rates are available. With limited colors 
because of transmission rates, a switch chip is preferred 
to a video processor because of power requirements. For 
items such as cameras and other products not including 

30 wireless transmission 8 bit color displays having 16 
million colors is preferred. 

The display module shown^ in Figure 19B can be equipped 
with an antenna and television receiver to provide a pocket 
size color television. 
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HEAD MOUNTED DISPLAY SYSTEM 

In yet another embodiment of the invention shown in 
Figure 2pA, the HDTV color active matrix display, as 
described in connection with Figure 2A, is provided with 
5 suitable optics and incorporated into a housing 860 and 
pivotal ly attached to a headband frame 8 61 to provide a 
novel head mounted "display system 864. In general, the 
system 864 is comprised of a unique headband frame 861 and 
adjustable strap 862 for attaching the system to the user's 

10 head, a side-mounted speaker system 866 connected by cable 
868 to electronics console 870 attached to the front of the 
frame 862, a microphone 872 rotatably suspended from 
speaker frame 874, and the aforementioned display housing 
860 dependent from console 870 and electronically connected 

15 thereto by cable 876. 

Not shown in Figure 2 OA is a headband system comprised 
of two or more pads 880A, 880B, as shown in Figures 20B- 
20E. 

To allow for the broadest range of head' sizes, the 
20 headband frame 861 utilizes two contoured foam pads 880A 

and 8 8 OB, angled, and spaced apart such that both small and 
large forehead curvature are accommodated. Each foam pad 
also has two primary contact areas 881 and 883, that act in 
the same way. When combined with a strap 862 placed below 
25 the ball formed at the rear of the head, the net effect is 
that the headband frame 861 is securely located on the 
wearer's forehead 887 whether child or adult. 

When the electronics are used, there is some heat 
being generated in the main housing or console 870. Prior 
30 art headbands used wide forehead pads which effectively 

trapped this heat at the wearer's brow. This proved to be 
quite uncomfortable after extended wear. 
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The foam pads 88 OA and 880B displace the headband 
frame 861 from the user's forehead 887 leaving a gap there 
between which serves as a warm air vent 875 to dissipate 
warm air generated by the electronics in console 870. 
5 This new embodiment provides a " chimney- like effect" 

that effectively vents the warm air away from the wearer's 
face. The foam pads are removably attached, as by Velcro® 
type fasteners, and covered with terrycloth 861 for 
improved comfort. Optional additional vents 871 are 
10 provided in the console 870. 

EQUIVALENTS 

While this invention has been particularly shown and 
described with reference to preferred embodiments thereof, 
it will be understood by those skilled in the art that 
15 various changes in form and details may be made therein 
without departing from the spirit and scope of the 
invention as defined by the appended claims , 
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CLAIMS 

What is claimed is: 

1. A portable communication display system comprising: 
a handset; 

5 a liquid crystal display carried by the handset; 

a lens that magnifies an image on the display; 

and . 

a wireless receiver carried by the handset that 
receives image data to be displayed on the display. 

10 2. The system of Claim 1 wherein the wireless receiver 

comprises a wireless telephone that receives audio and 
image data and that transmits audio data. 

3 . The system of Claim 1 further comprising a memory 
interface on the handset adapted to receive an 
15 external memory card. 

4. The system of Claim 1 further comprising a light 
source in the handset that directs light onto the 
display to form an image. 

5 . The system of Claim 1 wherein the display comprises a 
20 video display. 

6 . The system of Claim 1 further comprising a data 
processor and a memory in the handset. 

7. The system of Claim 1 further comprising a speaker and 
a microphone in the handset . 
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8. The system of Claim 1 further comprising a docking 
element that receives a telephone handset. 

9. The system of Claim 1 further comprising a camera 
connected to a transmitter in the handset for 
transmitting image data. 

10. The system of Claim 1 wherein the display is movable 
relative to the handset. 

11. The system of Claim 1 wherein the display is in a 
display module including a light source and the lens, 
the display module being movable relative to the 
handset . 

12. The system of Claim 1 further comprising a wireless 
two-way communication module that transmits digital 
data 

13 . The system of Claim 1 further comprising a color 
sequential circuit connected to the display and a 
light source that emits a plurality of colors. 

14 . The system of Claim 1 further comprising a battery 
carried by the handset . 

15. The system of Claim 1 wherein the display comprises: 

an active matrix liquid crystal display including 
an array of at least 75,000 pixel electrodes, the 
array of pixel electrodes having an active area of 
less than 158 mm~ ; and 

a light emitting diode device that illuminates 
the array of pixel electrodes . 
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16. The system of Claim 15 wherein the array of pixel 
electrodes comprises an array of at least 320 x 240. 

17. The system of Claim 15 wherein the array of pixel 
electrodes comprises an array of at least 640 x 480. 

18. The system of Claim 15 wherein the active matrix 
liquid crystal display further comprises an array of 
transistor circuits formed with single crystal 
silicon, the array of transistor circuits being bonded 
to an optically transmissive substrate with an 
adhesive layer. 

19 . The system of Claim 1 wherein the display is contained 
within a housing having a volume of less than 1000 
cm-* . 

20. The system of Claim 1 wherein the handset comprises: 
a pager housing; 

an active matrix liquid crystal display within 
the pager housing and including an array of at least 
75,000 pixel electrodes, the array of pixel 
electrodes, having an active area of less than 158 
mm^ ; 

a light emitting diode device that transmits 
light onto the array of pixel electrodes; 

a lens positioned within the housing to receive 
an image formed on the active matrix liquid crystal 
display and that magnifies the image; 

a receiver within the housing to receive image 
signals from an external source; and 

a display circuit within the housing that is 
connected to the receiver and the liquid crystal 
display. 
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21. The system of Claim 1 wherein the display further 
comprises: 

an active matrix circuit having an array of 
transistor circuits formed in a first plane, each 
transistor circuit being connected to a pixel 
electrode in an array of pixel electrodes; 

a counterelectrode panel extending in a second 
plane that is parallel to the first plane, such that 
the counterelectrode panel receives an applied 
voltage, the display system including; 

a switching circuit connected to the 
counterelectrode panel that switches the applied 
voltage, and 

a light transmitting material positioned over 
each- pixel electrode such that actuation of a 
transistor circuit in the array alters an optical 
transmission property of the light transmitting 
material . 

22. The system of Claim 21 wherein the active matrix 
circuit is attached with an adhesive layer to a 
transparent substrate. 

23 , The system of Claim 21 further comprising a 

temperature sensor positioned adjacent the display 
that measures a temperature of the active matrix 
region. 

24 . The system of Claim 21 further comprising a heating 
element . 

25. The system of Claim 24 wherein the heating element is 
between the substrate and the counterelectrode. 
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26 . The system of Claim 21 wherein the pixel electrodes 
comprise a heating element. 

27. The system of Claim 21 wherein the pixel electrodes 
comprise polycrystalline silicon formed over a 
silicon-on- insulator (SOI) , structure. 

28. The system of Claim 1 wherein the display is a 
reflective display, 

29. The sy^Leiu of Claim 1 wherein the display comprises a 
transm i l;:.: i ve display . 

30. A methc:: : r-r di::playing an image with a portable 
communic.it_ ion d*^v'ice comprising: 

providing a handset having a liquid crystal 
display carried by the handset, a lens that magnifies 
an image on the display, and a wireless receiver 
carried by the handset; 

receiving image data with the receiver; and 
displaying an image on the display. 

31. The method of Claim 30 further comprising receiving 
audio and image data and transmitting audio data. 

32. The method of Claim 30 further comprising providing a 
memory interface on the handset and an external memory 
card . 

33. The method of Claim 30 further comprising providing a 
light source in the handset and directing light onto 
the display to form an image . 
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34. The method of Claim 30 further comprising displaying 
video on the display. 

35. The method of Claim 30 further comprising providing a 
data processor and a memory in the handset and storing 

5 images in the memory, 

36. The method of Claim 3 0 further comprising providing a 
speaker and a microphone in the handset. 

37. The method of Claim 30 further comprising providing a 
docking element and docking a telephone handset in the 

10 docking element . 

38. The method of Claim 30 further comprising recording an 
image with an image sensor connected to a transmitter 
in the handset , 

39. The method of Claim 30 further comprising moving the 
15 display relative to the handset. 

40. The method of Claim 30 "further comprising providing a 
display module including the display, a light source 
and the lens, and further comprising moving the 
display module relative to the handset. 

20 41. The method of Claim 30 further comprising providing a 
wireless two-way communication module that transmits 
digital data. 

42. The method of Claim 30 further comprising providing a 
color sequential circuit connected to the display and 
25 a light source, and emitting a plurality of colors 

with the light source to generate a plurality of 
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subframes in sequence, each subframe comprising one of 
the plurality of colors. 

43. The method of Claim 30 further comprising providing 
power to the display with a battery carried by the 

5 handset . 

44. The method of Claim 30 further comprising providing a 
display that comprises: 

an active matrix liquid crystal display including 
an array of at least 75,000 pixel electrodes, the 
10 array of pixel electrodes having an active area of 

less than 15 8 mm^ ; and 

a light emitting diode device that illuminates 
the array of pixel electrodes. 

45. The method of Claim 44 further comprising providing an 
15 array of pixel electrodes of at least 320 x 240-. 

46. The method of Claim 44 further comprising providing an 
array of pixel electrodes of at least 640 x 480. 

47. - The method of Claim 44 further comprising providing a 

display including an array of transistor circuits 
20 formed with single crystal silicon, the array of 

transistor circuits being bonded to an optically 
transmissive substrate with an adhesive layer. . 

48. The method of Claim 30 providing a display that is 
contained within a housing having a volume of less 

25 than 1000 cm'. 

49. The method of Claim 30 further comprising providing a 
handset including: 
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a pager housing ; 

an active matrix liquid crystal display within 
the pager housing and including an array of at least 
75,000 pixel electrodes, the array of pixel 
5 electrodes, having an active area of less than 158 

mm ; 

a light emitting diode device that transmits 
light onto the array of pixel electrodes; 

a lens positioned within the housing to receive 
10 an image formed on the active matrix liquid crystal 

display and that magnifies the image; 

a receiver within the housing to receive image 
signalr; Iron an external source; and 

a di:;play circuit within the housing that is 
15 connected tc the receiver and the liquid crystal 

display . 

50. The method of Claim 30 further comprising providing a 
display including: 

an active matrix circuit having an array of 
transistor circuits formed in a first plane, each 
transistor circuit being connected to a pixel 
electrode in an array of pixel electrodes; 

a counterelectrode panel extending in a second 
plane that is parallel to the first plane, such that 
the counterelectrode panel receives an applied 
voltage, the display system including; 

a switching circuit connected to the 
counterelectrode panel that switches the applied 
voltage, and 

a light transmitting material positioned over 
each pixel electrode such that actuation of a 
transistor circuit in the array alters an optical 



25 
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transmission property of the light transmitting 
material . 

51. The method of Claim 50 providing an active matrix 
circuit attached with an adhesive layer to a 
transparent substrate . 

52. The method of Claim 50 further comprising providing a 
temperature sensor positioned adjacent the display 
that measures a temperature of the active matrix 
region . 

53. The method of Claim 50 further comprising heating the 
display with a heating element . 

54 . The method of Claim 53 further comprising providing a 
heating element that is between the substrate and the 
counterelectrode . 

55. The method of Claim 50 further comprising heating the 
display with. the pixel electrodes. 

56 . The method of Claim 50 further, comprising providing 
polycrystalline silicon pixel electrodes formed over a 
silicon- on- insulator (SOI) structure . 

57. The method of Claim 30 further comprising providing a 
light source and reflecting light on the display to 
form an image. 

58. The method of Claim 30 further comprising directing 
light from a source through the display to form an 
image . 
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59. A display control circuit comprising: 

a processor for receiving image data; 

a display for displaying the image data; 

a timing control circuit connected to the 
processor and the display to control the circuit; 

a switch adapted to select a high or low common 
voltage for sending to the display; and 

a second switch, adapted to select a video or 
inverted video signal to be transmitted to the 
display. 

60. The display of Claim 59 further comprising a 
temperature sensor on the display and temperature 
feedback line extending from the sensor to the timing 
control circuit. 

61. The display of Claim 60 further comprising a heating 
element. 

62. A docking system for a telephone comprising: 

a housing having a plurality of control elements 
and an interconnect port that electrically connects a 
circuit within the housing to a telephone attached to 
the housing; and 

a matrix display mounted to the housing and that 
receives display data from the circuit. 

63 . The system of Claim 62 wherein the housing comprises a 
first display port and a second display port. 

64 . The system of Claim 63 wherein the matrix display can 
be mounted to the housing at the first port or. the 
second port . 
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The system of Claim 62 wherein the matrix display- 
further comprises an array of transistor circuits 
formed with single crystal silicon, the array of 
transistor circuits being bonded to an optically 
transmissive substrate with an adhesive layer. 

The system of Claim 62 further comprising a color 
sequential display circuit. 

The system of Claim 62 wherein the matrix display is a 
color sequential display system including an active 
matrix liquid crystal display and an LED backlight. 

A method of displaying an image on a docking station 

having a display comprising the following steps: 

A method of displaying an image on a wireless 
telephone having a display panel comprising: 
providing a handset housing having a speaker and 

a microphone within the housing; 

providing a transceiver within the housing that 

receives audio and image data; 

providing a display module having a matrix 

display, a backlight and a lens that magnifies a 

displayed image on the matrix display; and 

operating a display control circuit connected to 

the transceiver and the matrix display to display an 

image on the display. 

The method of Claim 6 8 further comprising moving the 
display module relative to the housing. 

The method of Claim 68 further comprising providing 
the handset with a first display module port and a 
second display module port such that the display 
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module can be electrically connected to the 
transceiver at the first port or second port. 



71. The method of Claim 68 further comprising moving the 
display module from a storage position within the 
handset to an operating position outside of the 
handset . 

72- The method of Claim 68 further comprising providing a 
handset having a first housing element and a second 
housing element that is rotatably attached to the 
first housing element, the display module being 
attached to the second housing element. 

73 . An electronic image recording and viewing device 
comprising : 

an image sensor that senses an image, the sensor 
being positioned within a housing; 

a signal processor that processes signals from 
the image sensor; 

a memory connected to the processor that stores 
an image ; 

a color sequential matrix display within the 
housing for displaying the image and having an array, 
of pixel electrodes; 

a light source that directs a plurality of colors 
onto the matrix display in sequence; and 

a display lens that magnifies an image on the 
color matrix display. 

74 . The device of claim 73 further comprising at least one 
mirror movable between a position for viewing the 
color matrix' with the lens of the viewfinder and a 
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second position for viewing through a lens of the 
image sensor, 

75. The device of claim 73 further comprising a switching 
circuit connected to a counterelectrode panel of the 
matrix display for switching the applied voltage. 

76 . The device of claim 73 wherein the matrix display is a 
color sequential display system including an active 
matrix liquid crystal display and an LED backlight. 

77. The device of claim 73 further comprising a card 

reading device for reading a card containing images . 

78 . The device of claim 73 wherein the display comprises a 
reflective display. 

79. A card reader system comprising: 

a card reader adapted to read information from a 

card; 

a card slot that receives the card relative to 
the card reader; 

a control circuit connected to the card reader 
for controlling the card reader and for processing the 
information; 

a control panel for controlling the control 
circuit of the card reader system; and 

a display system for displaying the information, 
the display system having a display circuit that is 
connected to the control circuit and generates display 
data, and a matrix display mounted that display data 
from the display circuit, the matrix display having an 
array of at least 320 by 240 pixel electrodes. 
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80. The card reader system of Claim 79 further comprising 
a housing having the control panel, and the card slot 
including an opening in the housing. 

81. The card reader system of Claim 79 wherein the card 
reader is capable of writing information to the card. 

82. The card reader system of Claim 79 wherein the matrix 
display is a color sequential display system including 
an active matrix liquid crystal display and an LED 
back light. 

83. The card reader system of Claim 79 further comprising 
an optical system along an optical path with the 
display to magnify the image. 

84 . A portable communications device having a reflective 
display comprising: 

a device housing having a wireless receiver; 

a matrix display; 

a lens for viewing the display; 

a light source that directs light onto. the 
display; and 

an optical coupler that directs the light onto 
the matrix display and the reflected light through the 
lens. 

85. The reflective display of claim 84 wherein the matrix 
display further comprises an array of pixel elements, 
each pixel element having transistor circuits formed 
with single crystal silicon, the pixel element having 
a reflective pixel electrode 
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86. The reflective display of claim 85 further comprising 
a color sequential display circuit. 

87. The reflective display of claim 86 further comprising 
a switching circuit connected to a counterelectrode 
panel of the matrix display for switching the applied 
voltage . 

88. The reflective display of claim 87 wherein the light 
directing device is a dichroic prism interposed 
between the lens and the matrix display. 

89. A portable communications device having a reflective 
color sequential display comprising: 

an active matrix liquid crystal display; 

a lens for viewing the display and spaced from 
the display; 

a plurality of light sources that sequentially 
illuminate the display; 

a dichroic prism for directing the light from the 
light source to the active matrix liquid crystal 
display and passing the reflection to the lens. 

90. The device of claim 89 further comprising a diffuser 
between the light sources and the dichroic prism. 

91. The device of claim 90 further comprising at least one 
dichroic mirror for directing the light from one light 
source and allowing light from another light source to 
pass through . 

92. The device of claim 89 wherein the device comprises a 
wireless pager. 
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93 . The device of claim 89 wherein the device comprises a 
telephone . 

94. The device of claim 89 wherein the device comprises a 
docking station for a wireless telephone, 

5 95. A portable communications device having a reflective 
display comprising: 

an active matrix liquid crystal display having an 
array of pixel elements, each pixel element having 
transistors circuits formed with single crystal 
10 silicon, the pixel element having a reflective pixel 

electrode; 

a lens for viewing the display and spaced from 
the display; 

a plurality of light emitting diodes; 
15 a dichroic prism for directing the light from the 

light source to the active matrix liquid crystal 
display and passing the reflection to the lens. 

96. The device of claim 95 further comprising a color 
sequential display circuit. 

20 97. The device of claim 95 wherein the matrix display has 
an array of at least 320 by 240 pixel electrodes. 

98. The device of claim 95. further comprising a diffuser 
between the light emitting diodes and the dichroic 
prism. 

25 99. The device of claim 95 further comprising a pair of 

dichroic mirrors, each mirror for directing the light 
from one light emitting diode and allowing light from 
at least another light emitting diode to pass through. 
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100. The device of claim 95 wherein the device comprises a 
camera. 

101. The device of claim 95 wherein the device comprises a 
telephone . 

5 102. The device of claim 95 wherein the device comprises a 
docking station for a telephone. 

103. The device of claim 95 wherein the device comprises a 
pager . 

104. The device of Claim 95 further comprising an imaging 
10 device carried by the communications device such that 

images sensed by the imaging device can be displayed 
on the display. 
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